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PREFACE

This Final Technical Report was prepared by Grumman Aerospace Corpora-
tion, Bethpage, New York, under Contract N00019-77-C-0032, for the Naval
Electronics Systems Command, Washington, D. C. Mr, William E, Wallace, Jr.
(ELEX 813) was the Project Engineer for NAVELEX.

The effort described was accomplished during the period from October 1979
through April 1981,

The authors wish to acknowledge the outstanding contributions of Mr. Ceorge
Hirschberger, who initiated and directed this program with enthusiasm and under-
standing until his untimely death in August, 1980.

NOTE: The tests described in this report make reference to the specific equipment

employed. It is understood that other manufacturers’ equipment of the same capability may
always be substituted.
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SUMMARY

This study was undertaken to develop an economical test technique to
perform Reliability Demonstration tests in accordance with MIL-STD-781C. In
i order té accomplish the above, two different methods were evaluated:

e Multiplex System - incorporating a two-channel reel-to-reel tape re-

recorder that generates the desired synthesized random vibration
spectrum on one channel while the other channel incorporates a con-
trol program containing a series of single frequency sinusoidal signals
which trigger simple ON/OFF commands to initiate the Reliability Demon-

stration test functions.

The total cost associated with the Multiplex system is approximately $3500.
This includes the purchase of the reel-to-reel recorder, the components to
assemble the display panel, miscellaneous material, and the labor cost to assem- E

ble the entire system.

e Microprocessor System - incorporating a desk top computer that is pro-

grammed to initiate, monitor and control a Reliability Demonstration test.

Included with this system is a "sound-on-sound" tape cassette recorder
to generate the synthesized random spectrum as well as record the
measured acceleration and a printer to record the control signals and
monitor data during the test.

The Microprocessor system cost was approximately $15,000, considerably
more expensive than the Multiplex system. However, it contains essentially un-
limited capability that wiil reduce expensive manpower and equipment failure !
diagnostic costs. The $15,000 figure incluGes the purchase of the microproces-
sor printer, cassette recorder, tapes, A-D converter, 1/0 boards, miscellaneous
components and the manpower costs to assemble the system.

O TORRSIN

In addition, this study provides two detailed procedures to provide the i
user with the necessary information to perform Reliability Demonstration Tests ;
in accordance with MIL-STD-781C. Appendix A describes the Multiplex System
and Appendix B describes the Microprocessor System.
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1 - INTRODUCTION

With the introduction of Military Standard MIL-STD-781C in October of 1977,
a mission analog test profile approach was required for Reliability Demonstration
testing. The purpose behind this approach is to more realistically simulate actual
field operations of equipment. However, this new approach is considerably more
expensive than the MIL-STD-781B tests previously performed. In particular,
the high test costs can be directly associated with the following two major con-

giderations:

e The requirement that random vibration be utilized for evaluating equip-
ment installed in jet aircraft necessitates the use of an expensive vibra-
tion test facility plus highly skilled opcrating personnel

e The precise sequencing necessary to assure that vibration, moisture
injectiun and equipment operation are applied at the proper time with
respect to ambient temperature and cooling air temperature/airflow vari-
ations. This sequencing suggests that some form of function programming
and monitoring could be included tn supplement manual operator control.

The development of a test technique which would permit an economical
generation of random vibration and which would also provide the automated
sequencing, monitoring and control functions, would reduce the capital equipment
cosis as well as the highly skilled personnel deterrents associated with this type
of test. Grumman's investigations indicate that the use of an audio taped pro-
gram of random vibration, supplemented by a low-cost nmultiplexing or micropro-
cessing device, could provide a practical and economical technique for conducting
Reliability Demonstration tests in accordance with MIL-STD-781C.

1.1 BACKGROUND

Reliability Demonstration tests have classically been performed in accordance
with MIL-STD-781B and have required that a repetitive thermal cycle approxi-
mately six hours long be coupled with a ten-minute period of low-level sinusoidal

1-1
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single-frequency vibration applied during the equipment "on" portion of the
thermal cycle. The specific thermal and vibration requirements from MIL-STD-
781B, Military Standard, Reliability Tests: Exponential Distribution, dated 15

' November 1967, are as follows:

"Temperature Cycling---------- Temperature cycling shall be time to stabi

7 — PR T T TN T

lize at low temperature followed by time to

stabilize at the high temperature, plus 2
E ' hours."

"Vibration----=--c-=w--=-mr---- 2.2G * 10% peak acceleration value at any |
i non-resonant frequency between 20 and 60 4
cps measured at the mounting points on the
equipment. The duration of vibration shall
be at least 10 minutes during each hour of
equipment operating time." i

The current mission analog approach, as defined in MIL-STD-781C, Military
Standard, Reliability Design Qualification and Production Acceptance Tests:
1 Exponential Distribution, dated 21 October 1977, requires the generation of ran-

dom vibration for a major portion of the test, a period ranging from hundreds to
" thousands of hours, depending on the mean-time-between-failure (MTBF) require- ;
ment. Further, a maximum of four variations in the given random vibration spec- ’
trum could be required during any specific Reliability Demonstration test. In 1
addition to the random vibration, moisture injection, temperature, power, etc.,

must be precisely sequenced to be consistent with the mission environmental :
profile.

T Y T ——
.

Grumman, under contract to NAVELEX, previously developed a procedure
for taping random vibration spectra and for utilizing these tapes to drive elec-
trodynamic exciter systems (Ref. NAVMAT P-9492). This procedure, although
addressing short term (ten-minute) vibration acceptance test requirements, has
shown that the concept is economically feasible and practical. The duration is
limited only by the type of tape deck employed. Further, sequencing of other
test operations may be accomplished by utilizing unused tape deck channels and
multiplexing taped signals to trigger other functions at appropriate time intervals.
The sequencing may also be accomplished by programming a microprocessor with

et e i s Btk e 1 o
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the desired schedule and then using the stored information to start, stop
and monitor all test parameters, including the tape deck (which generates the

random vibration spectrum).
cessing devices whicn can be adapted for use in the application are available

commercially from a number of sources.

cant economic advantages when employed during Acceptance tests.
also provide additional, even more significant advantages, when utilized for
generating random vibration during the long-duration more complex Reliability

Demonstration tests.

Preliminary investigations indicate that micropro-

Use of a tape deck system to generate random vibration provides signifi-
It could

e A tape, embodying all necessary spectra, could be "cut" once and the
many repetitions required would be generated invariantly for the dura-

tion of the test

The high skill level of a trained random vibration specialist would not

°
be required and monitoring could be accomplished by any laboratory
technician

e The tape deck, either used as a multiplexer/programmer or coupled
with a microprocessor, would provide a simple, inexpensive system,
capable of sequencing all test parameters

e Even if a manufacturer owned a random vibration test facility, the tape

approach would provide him with the flexibility to use the tape deck
system and not dedicate his random facility to a lengthy demonstration

test.

1.2 OBJECTIVES
The previous study program conducted for NAVELEX showed that the taped

approgch for programming random vibration is feasible and practical for con-
It was the intent of this new

ducting short-term Acceptance vibration testing.
study to drtermine the precise requirements, both in equipment and procedures,
and to expand the concept for long-duration Reliability testing including pro-

grammed sequencing of all test parameters. The principle objectives of this

study were:
e Investigate and define required Reliability Demonstration test parameters

e Miaa i e
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e Determine specific equipment requirements and availability for:
- Conducting long-term random vibration Reliability Demonstration
tests
‘
' - Developing a multiplex programming system

- Developing a microprocessor programming system

T ST e = ey e
»

e Evaluate both the multiplex and microprocessor systems through actual

—ea

laboratory tests

T

SR o Prepare a final report which will compare the two methods, and include
guidelines for their application

o Prepare a detailed procedures document describing the steps necessary

I T e g e

3 for the application of each technique.

1.3 APPROACH

The total effort was divided into four tasks, chronologically phased to
compliement each other and assisi in the evaluation of their predecessors.
Figure 1-1 describes in block diagram form the various tasks and their re-

: lationships. The four tasks were:

TASK A: DEFINITION OF TEST PARAMETERS

e Review existing documentation, i.e., MIL-STD-781C, Naval Research

, : Laboratory study reports in support of MIL-STD-781D, etc., to estab-
3 . lish the specific environments, including magnitudes anc durations,
which will be used during Reliability Demonstration testing ]

e Evaluate the test parameters that must be applied using the multiplex

system and the processor sequencing system
e Establish a programming logic chart for each test method.

TASK B: EQUIPMENT REQUIREMENTS AND AVAILABILITY

ko ek e bt i

e Establish specific equipment requirements:
- Long duration random vibretion tests; cassette, video or reel-to-

reel tupe decks

f 1-4
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- Multiplex System: Establish test parameters using a taped
approach; frequency discrimination, relay interface, etc.

- Microprocessor System: Develop sequencing, microprocessor,
sensors, interface units, etc.

e Determine the commercial availability and cost of the required hard-
ware through a review of current literature and direct contact with
equipment manufacturers

e Obtain hardware: microprocessor, tape deck, frequency discrimina-
tors, interface relays, etc.

TASK C: EVALUATION OF TECHNIQUES

e Conduct an evaiuation and verification program of both the multiplexed

and the microprocessor-ccntrolled systems
e Obtain required hardware, assemble systems and verify operation

e Evaluate methods of programming the tape system and develop a method-
ology for sequencing the tape

e Investigate methods of interfacing the exciter system, environmental
conirols, instrumentation, support and test article checkout equipment
with each of the techniques proposed

e Perform a verification test using the environmental test profile established

e Evaluate and analyze test results with regard to applicable tolerances,
safety, reliability, cost and ease of system operation.

TASK D: DOCUMENTATION

e Prepare a final report which summarizes the results of the study and
compares the two methods developed (multiplexed and microprocessor-

controlled systems)

e Prepare a step-by-step procedure which details the application of each
of the two techniques.

1-6




' ' 2 - TECHNICAL DISCUSSION

The objective of this program was to develop inexpensive techniques to
perform Reliability Demonstration tests in accordance with MIL-STD-781C. The
requirements of this specification dictate the need to conduct combined long-
duration environmental tests on electronic equipment, incorporating random

A e e

vibration, temperature cycling and humidity inputs.

The random vibration was applied using a standard electrodynamic exciter
system that was driven by utilizing the procedures of the taped-random tech-
nique described in NAVMAT P-9492 (Navy Manufacturing Screening Program).
This method utilizes a stereo tape deck and pre-programmed tape to produce the

I - desired test spectrum, and is summarized in Para 2.1.5 hereijn.

Bl s o TS

The temperature and humidity environments were introduced using a
standard environmental test chamber with the necessary controls to vary inputs

as desired.
In this study, two system control approaches were evaluated to optimize the

marriage between the chamber control system and the desired duration of the
i
specified test cycle. These two approaches were: ;

. (1) The nultiplex approach for test chambers that already have a pro- i
S gramming device, such as a cam, to take care of mission profiles less j
This method is described

than 12 hours (typically, aircraft missions).
in Subsection 2.3
(2) The microprocessor approach, for test chambers that either have ao

programming device or one for only short-duration tests. The intent was

to provide programming capability for long-duration missions (typically
weeks, such as shipboard missions). This method is described in Sub- ;

section 2.4,

e Lt s 2l
TN
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2.1 INTRODUCTION

In parallel with the evaluation of the multiplex and n.icroprocessor system
an effort was undertaken to develop a Reliability Demonstration Test Profile that
would be representative of an aircraft mission. This final environmental profile
will include the various mission-duration environmental parameters as well as
incorporate the procedures outlined in MIL-STD-781C,

2.1.1 Ajrcraft Mission Duration

In this study program, it was decided to develop a Reliability Demonstration
Test System that would encompass the maximum practical mission duration. This
profile could then be recycled as many times as necessary in order to fulfill the
contractual MIL-STD-781C Reliability Demonstration Test requirements.

To establish the test duration, 431 different missions from 32 Air Force
aircraft and 17 different Navy aircraft were examined. The initial part of this
investigation was to examine the Standard Aircraft Characteristics (SAC) docu-
ment for each aircraft, to determine both the type of missions flown and the
associated durations. In many situations, due to the micro-miniaturization and
sophistication of aircraft electronic equipment, modera aircraft have the capa-
bility of conducting several separate and independent missions(l) . Additionally,

during each mission the various maneuvers cause a change in the environmental
parameters.

Specific interrelated factors that impact the various flight conditions are:

e Aircraft capability e Armament carried
e Threat/target type e Fuel loawng

e Enemy tactics e Pilot preference
e Range e Topography

® Weather

e = e e

1. Dantowitz, A. and Hirschberger, G.; Development of Environmental Profiles
for Testing Equipment Installed in Naval Alrcraft; Final Report RMS-70-R-1
dated Sept. 1977 - Sept. 1978; Contract N00014-77-C-0662.

2-2
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It was therefore decided to concentrate this effort on arriving at the maxi-
mum practical mission length and then develop a Reliability Demonstration Profile
that incorporated the variations in environmental and operational parameters re-
quired by MIL-STL:-781C.

| Table 2-1 contains an accumulation of the data for aircraft flight dura-

j tions versus number of missions. Since the majority of missions are three-

A to four-hour duration, four hours was chosen to be most representative of

i the average mission length. The final test duration was increased to eight
hours because MIL-STD-781C requires each test cycle to consist of two
missions. One mission starts from a cold environment and returns to a hot
environment. The second starts in a hot environment and returns to a

i e g

cold environment.

P e —

2.1.2 Aircraft Mission Profile

With the test cycle duration established at eight hours, an analysis was
| performed using the guidelines of MIL-STD-781C to determine the specific
| ‘ ' environmental stress levels for each of the mission flight phases, e.g., take-
off, climb, combat, landing, etc. as well as for ground conditions.

e TR e+ e et ey P e 11+

After examination of the above parameters, each event is defined and the

following data were collected:
e Duration (minutes)

e Compartment Temperature (0°C)

o Temperate Rate of Change (°C/MIN)

e Vibration - Wo (g2/HZ)

e Dew Point Temperature (0°C)

b st s C W e e

e Equipment Operations

Subsequently, the four most-severe vibration levels (Wo) were chosen to
represent the typical aircraft mission, and the exposure time for each event ws
proportioned accordingly. Figure 2-1 defines the nominal random vibration spec -
trum for the Reliability Demonstration Test. Each of the four vibration conditions
have the same spectrum but vary in the Wo and W1 ( g‘2/HZ) values.




»
|

E
: {
2
1
i
s 1
1
i Table 2-1 Aircraft Mission Duration 3
' ?
; MISSION NO. OF CUM. NO.
! DURATION, HR MISSIONS OF MISSIONS ;
1 0-1 21 2
E
; 1-2 84 106
2 2-3 102 207
3 1
3 i 3-4 100 307
i a-s 50 as7 ]
; l 5-6 21 arn
' 6-7 7 385
]
' OVER 7* a6 an
; . TOTAL 431
;
» *MAX. MISSION DURATION: 17.1 HR (KC-135A)
. R81-0639-045wW"
;
i
i
i
L ]
=
1
;
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The four levels choser to describe the vibration environment are shown

below:

; : CASE Wo (¢2/Ha) Wi (g2/Ha) Grme
f

1 .001 .0005 117
: 2 0025 0012 1.83
; 3 .004 002 234
b 4 .008 _ 004 3.

E ]

E R381-0639-044W

Relative to the final Reliab’llity Test profile, the only modification to the
typical mission 1s that at the start of both the cold and hot day cycle, a temper- g

) ature soak of 30 minutes ic required with equipment power off.

. T

2.1.3 Test Variables and Tolerances

The establishment of the environmental and operational requirements are

defied by utilizing the procedures of MII.-STD-781C, and the typical mission
, duration described hecrein. The test tolerances on test conditions, where appli-
7 ' cable, have been obtaired from paragraph 3.1.2, of MIL-STD-8106.C. Table 2-2
; _ describes in detail the various characteristics of each parameter and what func-

tions they are (0 accomplish,

1 ' 2.1.4 Reliability Demonstration Test Profile

3 . The final establishment of (he Reliability Demonstration Test Profile is
shown in Figure 2-Z, and includes the temperature, vibration, equipment
operation and wet bulb requirements. All of the operations are synchro-
nized so that <:ch of the combinations of events are activated at the precise

time specified in the profile.
The profile described here was incorporated into the Reliability Demonstra- :
tion Test ccnducted to evaluate the operational characteristics of both the Multi-

plex and Microprocessor systems.

2.1.5 Taped-Random Technique o

The taped-random technique uses an inexpensive stereo tape deck in-
corporating a pre-shaped random voltage spectrum to drive an electrodynamic

exciter.

-~ = meea - " - - . .- . ——-
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The technique, as discussed in NAVMAT-P-9492, requires six simpl: steps:

(1) Configure the exciter and test article exactly as they will be fom
the actual Reliability Demonstration test.

t (2) Perform a 1-g sine sweep over the test frequency range with the con-
trol accelerometer recorded on the left channel of the tape deck, and
the oscillator voltage input to the shaker power amplifier recorded on
the right channel of the tape deck.

(3) Play back the tape through a real-time analyzer and obtain the sine
transfer characteristics (Power Amplifier Input Voltage divided by
Control Acceleration) of the system.

T T T o ey

(4) Combine analytically the sine transfer characteristics with the required
test spectrum, tape deck characteristics, and any compensation
factors that are required to derive a synthetic random voltage spec- i

T CA——

' trum.

(5) Shape the synthetic random voltage using a random equalization sys-
| tem and record on the tape.

(6) Play the tape through the shaker system to produce the required test

t '_ spectrun:.

1 j The specific da.1 on the synthetic random voltage derived for this program
is detailed in Para. 2.2 5 and 2.3.4.
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2,2 TEST SETUP AND EQUIPMENT

In order to demonstrate the operation of the two proposed methods of test
control, a simulation of a reliability demonstration test on an electronic assembly
was setup in the Environmental Test Lab of Grumman's Avionic Test Facility at
Plant 8, Calverton, N. Y. This setup remained unchanged during the verifi-
cation tests for both control methods so that their relative effectiveness could

R T

be evaluated.

e T

2.2.1 Test Articie

The test article emploved in these tests was an exact mass representation
of an aircraft computer, (This is the same unit used in the development >f the
Taped-Random Technique described in NAVMAT P-9492.) This mass represen-
tation is complete to the circuit board level, and its circuit board components
have been simulated by small metallic representations bonded to the boards.
electrical connectors and major wiring hundles have been included.

e

v

All

The test article weighs 40 1b and measures 13" wide x 13" long x 7" high.

r It mounts on a flat surface using two spade lugs on the rear which slide into
| retainers, and two 1/4" diameter screws in a self-aligning spherical fitting in the

front, designed to hold the unit in place. This type of mount is typical for

"

| et oI S

e

replaceable electronic assemblies.

2.2.2 Electrodynamic Exciter System

All tests were performed on an MB model C-10E exciter (rated 850 ib RMS
force capability - random) and an MB model T-666 Power Amplifier (rated 15
KVA). The vibration control system used in preparing the random tapes was a
Hewlett-Packard mcdel 5427A Digital Vibration Control System. In order to insure
that an over-test does not occur, the vibration system was easily modified to provide a re-
mote over-test dump capability by wiring a “normally — closed™ dump relay into the power
amplifier exciter overheat circuit. This new dump circuit requires that the operator ‘
manueally reset the system to "operate" by turning the amplifier gain control to

off and then back on again. ‘

il i o bt s n i,
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2.2.3 Environmental Test Chamber

The test chamber used in the program was a Thermotron Temperature-
Humidity Chamber, Model F-15-CHMV-075-LN 2-S. It has an interior working
space of 30" x 30" x 30", The chamber floor is open, with a "built-in" rubber-

' ized shroud to permit an exciter head to extend into the chamber for combined
v ' vibration-temperature testing. Primary cooling for the chamber is provided by

, external liquid nitrogen bottles which are valved through the chamber heat

i exchanger and exhausted into the test facility.

The control and instrumentation for the chamber consists of a Bristol
Model TH-2T 1X500FFFS4-1A two-channel pen recorder and "free-vane" controller
connected to a Bristol Model TH-~253A1X500 two channel program controller
(Cam Type). Each channel is tied to a bulb-type temperature sensor located 3
within the chamber, in the output airflow from the chamber's heat e: changer.
One of the sensing bulbs is covered with a muslin sock kept moist by a small
water trough to measure wet-bulb temperature for humidity measurement and

| control.

A modification to the chamber was made to permit remote filling and draining
) of the chamber humidity water system. This was required to prevent freezing

T S T TR SR e e

of the water lines during cold portions of the temperature cycle. Three
solenvid-operated water valves were installed in the chamber water supply sys-
tem. A normally-closed valve was installed in the water feedline, and two

* ' normally-open valves in the drain line of ithe wet-bulb water trough and the

’ humidifier water pan. This permitted filling and draining of the system with one

L
3 ' N . . ]
f - switch circuit. 4

Interfacing the chamber control system with an external programmer/control |
was accomplished by providing eight leads to a connector at the side of the
chamber control console. These eight leads provided parallel switching capa-

bility for the seven switching functions required for remote operation:
(1) Chamber air circulator
(2) Humidity water supply

(3) Cam drive motor (for cam programming)

[T T TR
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: (4)  Air heater

(5) Air cooler
for remote programming

(6) Water heater-humidifier

(&) Water cooler-dehumidifier

e

A schematic of the chamber interface is shown in Figure 2-3. This

wiring method had the advantage of permitting normal as well as remote control
Remote operation only required that the

N

i of the chamber without wiring changes.
manual switches on the chamber console be left open for the functions to be con-

R T

trolied remotely.
i 2.2.4 Test Setup

The test article was instslled on a flat plate fixture which was bolted

to the electrodynamic exciter head using a Kimbal Model 5030-3 head expander.

The test chamber was then lowered over the electrodynamic exciter head until the
The chamber's

bottom of the test article was six inches above the chamber floor.
rubber shroud was clamped around the circumference of the head expander to
A six inch semi-rigid foam floor was installed around the head

-: seal the chamber.
! expander to reduce heat loss through the floor of the chamber.

T T ey e gt e

Pt e S et it i

: A 110 VAC pilot light was installed in the test article to simulate power ap-

.‘ plied to the unit as required during phases of the reliability demonstration test.
Cooling air to the unit was simulated with a 110 VAC external blower adjacent to
the chamber. The air duct was not connected to the test article and no system ‘
monitoring cables were connected. Figure 2-4 shows the complete setup.

2.2.5 Sine Transfer Characteristics

The initial phase of the test program was to measure the sine transfer char-

acteristics of the system in order to synthesize and record the required random

Reliability Demonstration test tapes. Three 1-g sine sweeps were made from :

2000 to 15 Hz in the manner specified in NAVMAT P-9492 with the exception
that the data was stored and processed directly by the H/P 5427A Digital

Vibration Control System.

‘ 2-12
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Fig. 24 Test Setup
A sine sweep was made at room temperature, at -54°C and ai +71°C to cover
the test range of the thermal program. Figure 2-5, 2-6 and 2-7 are plots of the
recorded sine transfer functions (E/g). The most significant differences
occur at the 170 Hz test article tie-down resonance. This peak shifts to
147 Hz at -54° and 178 Hz at 71°C. Figure 2-8 shows an expanded low-fre-
quency plot of the transfer function at these two temperature extremes.

In order to evolve a single transfer function for synthesizing the random
voltages, a temperature-compensated sine transfer function was computed by

averaging the functions measured in the -54°C run with those of the +71°C test

run. This averaged function was successfully used to synthesize random volt-

ages for both test methods as described in subsequent paragraphs,

A 3-g sine sweep was made at room temperature to check the linearity of the

system. The data showed a shift in the tie-down resonance to 155 Hz. Since

this shift was erncompassed by the low-temperature shift, no linearity correction
was made. [No linearity correction is needed at -54°C since only the low-level
1.83 G rms is applied. See Figure 2-2.]
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2.3 MULTIPLEX SYSTEM

The objective of the Multiplex System was to provide an inexpensive pro-
grammed controller that would interface with laboratory vibration and envi-
ronmental equipment. It was intended to function with a reel-to-reel tape re-
corder and incorporate the necessary electronics to activate the various environ-

mental equipment input signals.

The system described here meets all of the study requirements. It is
described in detail in the following paragraphs.

2.3.1 Approach

The Multiplex System was conceived as a three-part system: (1) a technique
for placing control signals on an audio tape recorder, (2) the recorder, and,
(3) a technique for extracting the control signals. The final step would also in-
clude the hardware necessary tc convert the control signal to an equipment
ON/OFF function.

Since the environments to be controlled include vibration, temperature and
humidity, and the technique is in accordance with NAVMAT P-9492, the unused
(right) channel on the tape was used to convey the control signals. Although
the NAVMAT procedure was followed, a standard cassette recorder was not
adequate for the long-term testing anticipated. Also, since multiple cuntrol
signals were necessary, a single hand-tuneable oscillator was not adequate,
thus requiring the development of a tape programmer. Finally, the conversion
of control signal to ouput function would be handled by the multiplex mainframe.
This unit would contain the filters necessary to extract the control signal from
the tape and convert them to a switch closure appearing at the terminal strips on
tie mainframe rear panel (see Figure 2-9). The use of switch closures &s the
only control requires suitable test equipment, i.e., cam-driven chamber, exciter
amplifier levels preset, etc. All test equipment must be in a state of readiness

awaiting only turn-on.

2.3.2 Tape Deck Evaluation

Unfortunately, the requirements for long-term testing negate the use of a
standard cassette recorder as called for in NAVMAT P-9492. Therefore a

2-19
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reel-to-reel stereo tape recorder was selected as a potential replacement. A

review of manufacturers' catalogs was conducted in order to determine if a suit-

atle recorder was on the market.
Several unique characteristics were required of the recorder, specifically:

F .
‘ 1) Playback of approximately eight hours,
’ 2) Sound-on-sound recording, i.e., each channei may be recorded

separately,
3) Frequency response * 3 dB from 20 to 2000 Hz,

The reel-to-reel recorder finally selected was a Pioneer RT909 which is
capable, with 1.0 mil tape, of playback in excess of four hours in both directions
with automatic and continuous playback. Also, the recorder contained the
sound-on-sound recording capability which permits separate recording of the
vibration spectrum and control signals. Finally the recorder was subjected to
a frequency response verification. The response of the unit to input levels from

' + 3 dB to -40 dB was recorded and plotted. The average response curve, pre-
l sented in Figure 2-10, shows that the recorder satisfies the + 3 dB requirement. 3

2.3.3 System Design

After selecting the reel-to-reel recorder, it was decided to use an audio
Since audio oscillators are generally

e

ey

oscillator as the control signal source,
available and familiar to laboratory personnel, various sinusoidal signals would be
The environmental test equipment to be controlled
The appearance

T e e ey g e < wee o

recorded for control signals.
would each be assigned a unique frequency, (see Table 2-3).
of a control signal would either turn the equipment "on" or "off", depending upon

Rt i At e vt i

its previous state of operation.
Recording of the oscillator signals would coincide with the environmental

test time profile and be synchronized to both the temperature chamber cam con-
The

troller and pre-recorded vibration spectrum on the left channel of the tape.

use of a single oscillator, although adequate, does not facilitate recording mul-

tiple signals in a very short timespan. Adjustment to each frequency, verifying ;

the output level, and finailly recording for 2-3 seconds, would be too time con-
Therefore, a tape programmer was fabricated. It is a bank of pre-tuned,

suming.,
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§ Table 2-3 Frequency Aliocation
i FREQUENCY APPLICATION OPERATION OUTPUT TERMINALS
i
] 3000 H2 VIBRATION ON/OFF A& 18 ]
4000 HZ TEMPERATURE ON/OFF 2A 828 i
v : 5000 HZ HUMIDITY ON/OFF 3A 838
i '. 6000 HZ COOLANT ON/OFF AAB 4B
S 7000 HZ POWER ON/OFF 5A & 58
3 : 8000 HZ PWR - HIGH ON/OFF TY L]
] i
: 8000 HZ PWR - LOW ON/OFF 1A 878
' : 10,000 H2 AUXILIARY ON/OFF BAaBe
3
{ : 11,000 HZ TAPE RUNNING ON/OFF N/A
; RELAY
L R81-0639-047W j
»
;
i
( i
t %
v ;
H
|
i
l
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pre-adjusted oscillators with independent power switches. Applic.:ition of power
to each oscillator provides the correct sinusoidal signal at both the front and back

output connectors.

Extraction of the pre-recorded control signals would be handled through a
i bank of pre-tuned bandpass filters and then finally converted to an output switch
closure. The Multiplex Mainframe (see Fig. 2-9) would provide the filters, power
supplies, output relays and, finally, output switch closures appearing on its rear
panel in the form of barrier strips. Each environment would be assigned a pair
of terminals (see Table 2-3). The environmental test equipment to be controlled
would be brought to a state of readiness by only requiring an ON/OFF signal.
The equipment ON/OFF switch would then be parallel wired to the rear of the
multiplex mainframe. The mainframe wouid also include all the other peripheral
circuits and displays necessary to provide test time, acceleration levels, over-
test alarms, etc. An overview of the circuits included in the mainframe is given

e e e gy Tt e

in the block diagram of Figure 2-11.

2.3.3.1 Input Power Circuit - The input power circuit is shown in Figure 2-12.
The circuit consists of the input fuse (5A SloBlo), reset relay, ON/OFF/RESET
switch, power ON indicator, and three internal DC power supplies. The reset

t ' relay was added to cover the contingency that, should primary power be inter-
: rupted, the mainframe would not resume operation automatically upon power re- ;
F : sumption. The circuit also includes an auxiliary power connector for the tape ]
‘ recorder, also wired to the reset relay and the tape programmer (+ 12 VDC) via

a five-pin connector at the rear of the panel. The three internal power supplies
include the * 15 VDC bandpass filter supply, +5 VDC test clock supply, and +12
VDC relay and indicator power supply. Also tapped off the +12 VDC supply is a ]
variable power resistor adjusted to provide +5 VDC to the relay drivers. Finally,
the circuit also includes the 115V, 60Hz power to the acceleration meter and relay
which are mounted on the front panel of the multiplex inainframe.

T VTS e ey

T P
T

2.3.3.2 Control Circuit - The extraction of the sinusoidal control signals, within
the multiplex mainframe, and its final conversion to an output switch closure, is
accomplished through the control circuits. A typical circuit is presented sche-
matically in Figure 2-13. The circuit includes four individual small circuits:

e B L ™A
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the frequency discrimination, peak holding, relay driver, relay circuit and tape

running circuits.

FREQUENCY DISCRIMINATION - The incoming tape signai is routed through the
' rear-mounted input jack and then to chassis connector CS1 (see Table 2-4). The
signal is then fed in parallel to all nine bandpuss filters, each tuned to frequen-
cies from 3 kHz to 11 kHz, in 1-kHz increments. The filters are tuned with three
_ externally-mounted resistors, per the manufacturers direction, each resistor
i, tuned both to the center frequency (fc) and the Q. The circuit boards containing
the filters also mount a + 15 VDC regulated power supply used exclusively for

the filters.

o e e e e o+ e e e vy
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The first eight filters are used to extract the control signals from 3 kHz to
10 kHz, the last filter is tuned to 11 kHz. This 11-kHz signal represents the
"tape running signal" and is recorded throughout the entire tape programming
procedure. The control signals are then superimposed upon the 11-kH: signal.
The tape running signal is used to initiate the test clock and to synchronize the

temperature chamber cam drive.

PEAK HOLDING - The output sfgnal of each bandpass filter is routed through
connectors CS1 and CS2 to their individual peak holding circuit. The circuit con-
‘ sists of an operational amplifier configured so that its output charges a 10 uf
capacitor to approximately 3 VDC. Since the recorded control signal (other than
the 11 kHz) appears only briefly, the capacitor is charged only upon appearance
of the control signal. Removal of the signal causes the capacitor to discharge.
The low-level signal output of the peak holding circuit represents one-half of the

T B T i T T~ T, - T P ey o e i
sl et it

ket S

logic signal required by the relay drivers.

RELAY DRIVER/RELAY CIRCUITS - The relay drivers are dual input "NAND"
gated 2.0 Ampere power drivers. There are two drivers per TO-3 package and
five are required to support the sine output signals. The first four drivers
receive their input signals one each from the peak holding circuit and the other
from the multiplexer mainframe front panel environmental program switches. The
programming switch provides +12 VDC across a voltage divider, the output of
which is passed through connector CS3 to the "B" side of each driver input. The
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: "A" input is furnished through CS3 as well. The relay driver input power,
" + 5 VDC, is derived from a variable power resistor placed on the output of the

+ 12 VDC regulated supply (see Figure 2-12).

The presence of both logic signals (A&B) at the input of each driver causes
the output to go to ground. The impulse relays used for each environment are
powered directly with + 12 VDC, from the regulated supply. Only the return
side of the relay is connected to the driver output. When the driver is activated,
the relay return is shorted directly to ground through the driver. The addition
of a diode and capacitor across the relay coils is necessary to suppress over-
voltage switching transients and ringing during turnoff.

TR e

- vy

P

Impulse relays were selected as the output media because these units only
Er : change state when a pulse of input voltage is applied. Therefore, continuous
power is not required to hold relays in a particular position. Each relay contains
two microswitches, rated at 15 amps. One of the switches is wired directly to the
output barrier strip on the rear panel of the mainframe. The second switch has
. . + 12 VDC applied and is wired directly to the lower lamp of the operating condition
b indicators on the mainframe front panel (see Figure 2-14). The indicator then
1 displays the operating state of each impulse relay. The upper haif of the in-
dicator is on whenever the program switch is activated (see Figure 2-14). i

3 ! TAPE RUNNING CIRCUIT - The circuit, although similar to the other control cir-

: cuits (see Figure 2-11) up to the relay driver, differs in that, instead of using

i \ a impulse relay, it supplies the return path for two reed relays. The first relay

is located on the clock circuit board and is wired in such a manner that, whenever
the tape recorder is running, the relay is activated and initiates the clock display.

The second relay appears on the meter control board (see Figure 2-15) and is
designated R3. The contacts of this relay (K3) are located in the cam control
circuit, barrier strip terminals 9A and 9B. Closure of the normally-open contacts
provides the gate current necessary to trigger the control TRIAC (RS-1000).
Therefore the cam will only advance when the tape is running, assuring synchro-
nization of tape and cam. Also included is a front panel lamp (green) which,
when lighted, indicates that the electrical tape running signal is present.

s 4l ekt
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2.3.3.3 Clock Circuits - The clock circuits include the clock circuit board,
display board with interconnecting harness, and mainframe front psnel control
switches. These components are presented in Figure 2-16, and the interconnec-
tion between boards is listed in Table 2-17.

CLOCK CIRCUIT BOARD - This board contains sixteen integrated circuit (IC)
components, along with the tape running relay. Power to the board is furnished
by the +5VDC regulated power supply shown in Figure 2-12. This supply is
dedicated to the clock circuits. The first IC (#1) is a crystal-controlled oscillator
with an output of 9.6 MHZ. IC No. 2 through 10 divide the 9.6 MHZ downward
until the final output of No. 10 is 0.02777 HZ, or a period of 36 seconds. This
36-second period represents 0.01 hours, or the lowest increment of time the clock
will court. The upper limit is 9999.99 hours. IC No. 11 through 16 are decade
counters, each driving a display IC. The clock circuit is volatile, i.e., loss of

primary power will cause the clock to cease functioning, restoration of power
requires restart of the clock from 0000.00 hours.

DISPLAY BOARD AND INTERCONNECTING HARNESS - The display board contains
ICs 17 through 22, which are numeric displays with logic. These six ICs and
their circuit board are installed directly on the mainframe front panel. The
display board is connected to the clock circuit board with & single harness, which

contains a pair of mating connectors. The addition of these connectors permits
removal of the display board from the front panel for bench testing.

FRCNT PANEL CONTROL SWITCHES - The clock circuit and display are controlled
using the two leftmost switches, mounted on the front panel directly under the
clock display. The first switch, designated RUN/HOLD, controls the oscillator
output to the next (No. 2) IC. In the RUN position (up), the oscillator output

is fed directly into the next IC. The down position interrupts this function,
causing the clock to display the last time increment. The RUN/ZERO switch must

also be in the run position for the clock to function. Placing the switch in the
zero position causes the clock to “¢ ..ay zero time. The functions of these
switches are further restricted by the Tape Running Relay. The relay must be
actuated or the switches have no effect.
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2.3.3.4 Peripheral Circuits and Displays - This portion of the Multiplex Main-
frame circuitry contains the acceleration meter/relay alarm circuits and cam con-
trol circuit. The acceleration input to the mainframe is furnished separately as
the DC output of the Control Accelerometer Charge Amplifier. The description
of the charge amplifier circuity is limited to the requirement that its output be
a DC voltage proportional to acceleration levels.

ACCELERATION METER/RELAY - The meter selected to display the acceleration
level is a 0-10mVDC meter with an integral upper limit settable relay. A DC
meter was selected to take advantage of its inherent clamping characteristics
and the range was selected as a convenience. The rear portion of the meter con-

tains input signal terminals, relay contact terminals and input power terminals ﬂ
for 115V 60Hz.

B A e N

The relay upper limit set point is established with a knob located on the
meter front panel. The set point determines the point at which the relay oper-
ates. The relay contains a set of both normally-open and -closed contacts.

o l The input signal to the meter first passes through the control board J
1 ' (Figure 2-15) via the CS5 connector. A voltage regulator is used to proportion
' the input to the meter's range. A small potentiometer is provided for fine ad- 1
F justment. Duriag normal operation, below the relay set point, the +12VDC
supplied to the pole (terminal No. 12) of the relay holds reed relay R2 activated.
The contacts (K2) of relay R2 are normally open and are wired to the barrier
strip terminals 10A and B. During normal operation these contacts are closed;
during an overtest, the contacts open and the shaker is shutdown automatically.

il A . el s A

ALARM CIRCUITS - There are two alarm circuits, one visual and one audible.
Both are actuated when the meter set-point is exceeded. The "Blinker Circuit"
on the control board (Figure 2-15) is the visual indicator that the set-point has

been passed.

The circuit contains a 555 timer IC, several resistors and one capacitor.
Components were selected to cause the LED mounted under the meter on the
Mainframe Front Panel, to "blink" once per second. Reed Relay R1l, controlled
by the meter, in turn controls the power to the blinker circuit through its con-
tact K1. Once activated, the LED will continue to "blink" until reset by pushing

[ S TR - -
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TAPE RUN, RELAY PIN 2

~ FROM ~ ST0-
CLOCK CIRCUIT BD, CONN CS4
1,.C.NO, 11 PIN 12 1 1A} Q.01 HR DISPLAY L.C. PIN 18
1.C.NO. 11 PINS 2 (¥} 0.0t HR DISPLAY LC.PIN 10
1.C.NO. 11 PINS 3 (8) 0.01 HR DISPLAY 1.C.PIN &
1LC.NO.NPIN 1Y 4 (N} 0.01 HR DISPLAY L.C.PIN 7
1.C. NO. V2PIN 12 € {X} 0.0 HR DISPLAY 1.C. PIN 18
1.C.NO, 12PN 9 7 {M) 0,10 HR DISPLAY L.C. PIN 10
1.C.NO. 12PIN B 8 (2} 010 HR DISPLAY LLC.PIN6
1.C. NO. 12PIN 11 9 (Cl Q.10 HR DISPLAY L.C.PIN 7
1.C. NO, 13 PIN 12 AR (B} 1.0 HR DISPLAY L.C.PIN 15
1.C.NO. 13PIND 12 {D) 1.0 HR DISPLAY 1.C, PIN 10
1.C.NO. 13PINB 13 (S) 1.0 HR DISPLAY I.C.PIN6
1.C. NO. 13PIN 11 14 {t) 19 HR DISPLAY LL.C.PIN 7
1.C. NO. 14 PIN 12 16 (T) 10.0 HR DISPLAY 1.C. PIN 16
1.C.NO. 14PINS \? (H) 10.0 HR DISPLAY I.C. PIN 10
1.C.NO. 14 PINS 18 (V! 10.0 HR DISPLAY L.C, PIN 6
1.C. NO. 14 PIN 11 19 (o} 10.0 HR DISPLAY I.C.PINT
1.C.NO. 5 PIN 12 A (K} 100 HR DISPLAY 1.C. PIN 15
LC.NO. 15 PIND 8 {d) 100 HR DISPLAY 1.C. FIN 10
1.C.NO. 16 PIN B c (Ul 100 HR DISPLAY I.C.PIN 6
1.C. NO. 15 PIN 11 3] {J) 100 HR DISPLAY I.C.PIN?
OSGCILLATOR QUTPUT 13 ERONT PANEL SWX CLOCK “STARY"
1.C. NO. 16 PIN 12 £ (i 1000 HR DISPLAY 1.C. PIN 16
1.C.NO. 16 PIN S )] (L] 1000 HR DISPLAY I.C. PIN 10
1.C.NO. 16 PINS 3 {h) 1000 HR DISPLAY |.C. PIN6
1.C. NO, Y6 PIN 11 K (W) 1000 HR DISPLAY I.C.PIN7
1.C. NO.2PIN 14 M ERONT PANEL SWX CLOCK RUN/HOLD
PIN 21.Cs, 11,12, 13,14,15,16 N FRONT PANEL SWX CLOCK RUN/ZERO
TAPE RUN. RELAY PIN 1 S +12voc
TAPE RUN. RELAY PIN 1 T NOT CONNECTED
: {€) +BVDC POWER DISPLAY |.C.s PIN 16
TAPE RUN. RELAY PIN 3 v (R) PIN 5 DISPLAY L.C.s (ALL)
TAPE RUN. RELAY PIN? W TO CS3 PIN J AND C86 PIN U
TAPE RUN. RELAY PINS 4 & 8 X 5VDC GND
NOT CONNECTED Y 12VDC GND
z +BVDC SUPPLY

{t) PIN 12 ON DISPLAY L.C, (alL)

R81-0639-026W

-y - -

P
i T

{ ) — DESIGNATES CLOCKHARNESS CONNECTOR PINS

Fig. 2:17 Clock Circuit Connactor Wiring

s maBe ugm. L 2
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the reset button located on the front panel. Reset is also accomplished through
Relay R1 which is a dual reed relay.

The audio alarm also functions through the meter. Once the set-point is
exceeded, +12VDC is applied to Reed Relay R4. The contacts (K4) of R4 are
located within a small circuit (Figure 2-18) located in the rear of the Mainframe
Chassis. The circuit contains a nine-volt battery, buzzer and rear panel sel:ctor

; switch. A nine-volt battery was used to avoid eiectrical noise generated by
! the buzzer being fed back to the primary power supplies. The ON/OFF switch
was also a convenience and disengages the alarm when visual observation of the

v p e e e o e

g

R 1y el g g T

meter is available.

CAM CONTROL CIRCUIT - The Cam Control Circuit contains a TRIAC, DIAC,
Reed Relay (R3) and the Tape Running Relay Driver. The Cam on/off switching
is accomplished through the barrier strip terminals 9A and 9B (Figure 2-9). The
Tape Running Relay Driver provides the ground path for the +12 VDC supply
voltage used in this control circuit. Therefore the circuit only functions when

j the tape is running (playing back). During playback, relay R3 is activated, ]

? closing the contacts (K3) located in the DIAC circuit. Normally the cam motor ]

! requires 115V 60Hz to operate. It is this voltage that is passed through the
DIAC and turns the output TRIAC (PN RS1000) to "on". Once "on", the cam
will operate so long as the tape continues to playback.

. e

T T T -

2.3.3.5 Tape Programmer - The Tape Programmer consists of nine function
. generators wired to operate as independently-tuned sinusoidal oscillators. The i
output frequencies vary from 3 kHz to 11 kHz in approximately 1 kHz increments.

FRONT PANEL - The Programmer Front Panel, Figure 2-19, contains the primary
power switch and indicator, as well as individual oscillator power switches,
frequency adjustment potentiometers, and output connector. The Frequency Se-
lect Switches, red toggles, control the power to each function generator. Simi-
larly, the Tape Running Switch, white toggle, controls power to the 11 kHz gen-
erator. The frequency adjustment pot access holes are in the upper right corner
of the panel. Above each switch is engraved the nominal frequency, controlled
by the switch. Prior to recording, each frequency should be adjusted to within

s e ke i wrat )

5% of the nominal.

2-37

e - TTTrTTI




—— G g Gidiabanlec il e Y Raolindi Bk " R Au R e U
R S

ST o hTeeTe—— T

awesgureyy XIARINW WIETY OIPAY 15EIAQ voReIEIIY 81T iy
MTZ0-6£950-18Y

JAAZL

HOLWMS
13NVd HV3Y {m

v, AV134 Q334

_ ‘ i vy

2-38

AvV13d
%z ONI
1300V

A6 —
1-NId
1 2] 68O 0L
. ‘O'N .
H3zzng b
[ S

—

|
{

et e —
e . L y
N R Y Y T



sjeunueiboly Aouenbaiy ade] 61L-Z B4

sjaueg 1eay pus Juol4
M910-6€90-181

HOLVOIGNI NO-HIMOd
HOLIMS H3MOd /
1

sg 0

{3LIHM)
HOLIMS ‘D3dd DNINNAY 3dvL
1

) A

- 6o & & & & & O &
m ruu ! mny

ﬁ\ 086 Gso 5990
13NVd LNOY4
(a3y)

1Ndino
11

2-39

T AT gmemR e e T

S10d LNINLSNFOY AJN3INO3UL SIHOLIMS 193135 ADNIND3H4

“NNOD ¥3MOd 1NdNI MOVF 1NdLNO
\

|
m | E

|  73Nvd Bv3d




AT ey

OSCILLATOR CIRCUITS - A typical circuit is presented in Figure 2-20. The
: function generator (ICL8038CCJD) is capable of providing square wave, ramp
: and sinusoidal outputs. The circuits are configured for sinusoidal outputs. The

' generators require +12VDC for operation, and power is provided by the Multiplex
Mainframe through rear panel connectors on both the mainframe and programmer.

NS T

{ The power to the programmer is controlled by the front panel power switch
_ although each generator has its own power switch. The outputs of all the gener-
! ators are the input to a single Operational Amplifier (OpAmp). The output of

UL

~the OpAmp is adjusted to approximately 0.250 Vrms using the 100K potentiometer.
The variable capacitor, on the input side of the OpAmp is adjusted to minimize

S -—

¥ harmonic distortion. Output connectors appear on both the front and rear paneils
' to facilitate setup and recording.

Figure 2-20 also contains a table of nominal frequencies for each generator.
These nominal values are engraved on the front panel. The actual frequency of
each generator is also presented, along with the tuning resistor value installed 7
in each generators output. ]

2.3.3.6 INTERFACING - The Multiplex Mairnframe interfaces with four segments
of the test system:

(1) Temperature-humidity chamber
(2) Vibration shaker system

(3) Tape deck i
(4) Test article support equipment ]

AT e

Figure 2-21 shows a block diagram of these interfaces.

For convenience the Multiplex Mainframe was combined in a single console
with the tape deck and tape programmer (see Figure 2-22), External cabling was

used to connect the multiplex console with the test chamber and vibration system.

Test article support equipment was limited in this development program to a
cooling blower and simulated test article power.

2.3.4 System Programming

As noted in the previous section, event programming information in the 2y
Multiplex System is recorded on the right channel of the tape, and the random

2-40
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vibration signal is recorded on the left channel. The programming of the temper-

ature-humidity profile must be accomplished with the chamber cam programmer.

Two independent Reliability Demonstration programs were recorded on tape.
The first was the eight-hour profile discussed in Subsection 2.1, which incorpo-
rates all of the vibration, temperature, and humidity requirements in accordance
with MIL-STD-781C. The second tape was made so that a short 30-minute test
profile could be demonstrated. This tape has all of the required MIL-STD-781C
environmental and operational functions, but for a lesser period of time.

2.3.4.1 Reliability Demonstration Test Program - Figure 2-2 graphically de-

scribes tﬁe eight-hour Reliability Demonstration test profile. To insure that the
required temperature versus time profiles are controlled and repetitive, two cams
were machined from .063 aluminum material for the temperature/humidity cam pro-
grammer. Figure 2-23 shows the cam profile for the dry bulb (chamber air)
temperature. Figure 2-24 is the cam profile for the wet bulb (humidity) temper-
The cams are based on an eight-hour rotation period for the cam drive.
(The cycle time of the program must be compatibie with available gearing for the

cam drive motor.) Once cut, the cams were hand filed during chamber operation
to fine-tune the temperature program.

ature.

RANDOM NOISE PROGRAMMING - The random noise spectrum required for the
reliability demonstration test is shown in Figure 2-1,

Using the temperature-
compensated sine transfer characteristics measured for the system (see para.

2.2.5) and the measured tape recorder characteristics (see para 2.3.2) a syn-
thetic random noise spectrum was calculated for the required test spectrum.

Table 2-5 presents the iabulated results of this caiculation. (The derivation and

application of this technique is explained in NAVMAT P-9492.) The normalized

synthetic random (last column in Table 2-5) was programmed into the H/P 5427A
Dagital Vibration Control System,

The Reliability Demonstratiion program, as defined by MIL-STD-781C, re-
quires that random vibration spectrum be applied at four different test levels at
various times and for different durations during the program. This information

was programmed into the H/P 5427A vibration control system.

A tabulation of the
H/P 5427A is shown in Table 2-86.
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Fig. 2-22 Multiplex System Console
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+50° to 100°F

Wet Bulb Temperature:

‘Fig. 2-24 Raliability Demonstration Profils #1, 8-tr Program,
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Table 2.6 HP5427A Vibration Control System Program

1. RELIABILITY DEMONSTRATION TEST - SYNTHETIC RANDOM VOLTAGE

TEMPERATURE COMPENSATED *

2. TRUE RRNDOM MODE? YES;NO

YES

3. RAVERAGING WEIGHTING FACTOR?
N =8
AVGS/LOOP? DEGREES OF FREEDOM « 2K(2N-1) = 120
K = 4

4. 3 SIGMA CL1PPING? YES;NO
NO

S. MEASUREMENT MODE? YES;NO
YES

% OF AVGS?
64

RVGE-L00OP? DEGREES OF FREEDOM = 2 x # OF AVGS =« 128
4

# CONTROL CHRNNELS?
t

o

CALIBRATION? MV/G

-~

CHRANNEL A
10.00

CHRNNEL B
10.00

8. SYSTEM GRAIN? G/VOLT @ INPUT
30.00

9. SELF CHECK LEVEL? -DB
=12.00

10. LEVEL SCHEDULE
LEVEL(-DB), TIME(SEC),LEVEL(Grms), TIME (HRS)

1. .00 300, 3.3 -
2. -30.00 3600. 0.00 0.00 TO 1.00
3. -5.00 108. 1.83 1.00 TO 1.03
4. -9.00 3780, 1.17 1.03 10 2.08
S. -3.00 900. 2,34 2,08 TO0 2,33
6. .00 ?20. 3. 2,33 TO 2.53
?. -3.00 180, 2,34 2.53 T0 2.58
8. -9.00 St12, 1,17 2,58 TO 4,00
11, LINE RABORTS ENRBLED? -DB
.00
ABORT TIME? 10 SEC MRAX
5.00
12. MANURL MODE ENRBLED? YES;NO
YES
13. LINE ALARM LIMIT? X
100.00

14, RMS RBORT LIMIT? DB
20.00

15, » LINES?
S12

R81-0639-067(1/2)W
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Table 2-6 HP5427A Vibration Control System
Program {(Contd)

16. L.DWEST FREQ?
15.00

17. HIGHEST FREQ?
2000.00

MAX FREQ,s 2500.00 HZ
RESOLUTION= 4.89 HZ
LOG HORIZ.= 3 DECRDES

18. INPUT MODE?
1 aMRG. , FREQ,LIMIT#+,LINIT-(DB);
2eSLOPE ,FREQ, LIMIT+,LINIT-(DB);
3=DISC
1

19. MAGNITUDE? GSQR/HZ, Fe 15 HZ
10,200000

20. MAG.,FREG,LIMIT+,-?
3.790000 26.00 3.00 3.00

21, MHG.,FREQ,LIMIT+,-?
2.880000 37,06 3.00 3.00

22. MAG.,FREQ,LIMIT+,=?
2.340000 50,00 2.00 2.00

23. MAG.,FREQ,LIMIT+,-?
1.800000 84.00 3.00 3.00

24. NHG.,FREQ.LIMIT+,-?
2.340000 141.00 3.00 3.00

25. MAG.,FREQ,LIMIT+,-?
5.360000 163.00 3.00 3.00

26. MAG.,FREQ,LIMITH,-?
2.180000 188,00 3.00 3.00

27, HHG.,FREQ,LIMIT+,-?
.561000 213.00 3.00 3.00

28, MHG.,FREQ.LINIT+,-?
.601000 238.00 3.00 3.00

29. MAG. FREQ,LIMIT+,-?
1.620000 288.00 3.00 3.00

30. NHG.,FREQ,LIMIT+,-?
2.04C000 313.00 3.00 3.00

31. MAG.,FREQ,LIMIT+,-?
4.350000 488.00 3.00 3.00

32. MRG.,FREQ,LIMIT+,-?
3.970000 588.00 3.00 3.00

33. MRG.,FREQ,LIMIT+,-?
1.350000 638.00 3.0C 3.00

34, NHG.,FREO.LIMIT+,-?
1.690000 663.00 3.00 3.00

35, MAG.,FREQ,LIMIT+,-?
2.450000 686.00 3.00 3.00

R81-0639-067({2/2)W
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Table 2-6 HPB427A Vibration Control System
Program (Contd)

36. MAG.,FREQ,LIMIT+,-?
2 880000 713,00 3.00 3.00

37. MAG.,FREQ,LIMIT+,-?
3,790000 813,00 3.00 3.00

38. MAG.,FREQ,LIMIT+,-?
4,890000 838,00 3,00 3.00

39. MRAG.,FREQ,LIMIT+,-?
2.236000 863,00 3.00 3.00

40. MAG.,FREQ,LIMIT+,-7?
8.110001 813.00 3.00 3.00

41. MAG.,FREQ,LINMIT+,-?
7.820000 963.00 3.00 3.00

42, MAG.,FREQ,LIMIT+,-?
5.240000 1088.00 3.00 3.00

43. MAG.,FREQ,LIMIT+,-?
2.620000 i388.00 3.00 3.00

44, MHG.,FREQ,LINIT+,-?
2.040000 1438.00 3.00 3.00

45. MAG.,FREG,LIMIT+,-?
1.440000 1488.00 3.00 3.00

46. MAG.,FREQ,LIMIT+,-?
1.320000 1513.00 3.00 3.00

47. MAG.,FREQ,LIMIT+,-?
1.560000 1538,00 3.00 3.00

48. MRG.,FREQ,LINMIT+, -?
1.090000 1563.00 3.00 3.00

49, MAG.,FREQ,LIMIT+,-?
.587000 1683.00 3.00 3.00

S0. MAG.,FREQ,LIMIT+,-?
.5:2000 1713,00 3.00 3.00

51. MAG.,FREQ,LIMIT+,-?
323000 1738.00 3.00 3.00

52. MAG.,FREQ,LIMIT+,-?
155000 1763.00 3.00 3.00

53. MAG.,FREQ,LIMIT+,-?
065900 1838.00 3.00 3.0

54. MAG.,FREQ,LIMIT+,-?
026200 1888.00 3.00 3.00

55, MAG.,FREQ,LIMIT+,-?
,002200 1963.00 3.00 3.00

56. MRG.,FREQ,LIMIT+,-?
.003800 1988.00 3J3.00 3.00

S7. MRG.,FREQ,LIMIT+,=?
003800 2000.00 3.00 3.00
RMS VALUE® ?5.200 G'S

R81-0639-067(2/2)W
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The H/P 5427A Vibration Control System was then operated in a closed-loop mode
(the output fed directly into the control accelerometer channel) and the output
voltage recorded on the left channel of the tape. Since the vibration program is
exactly the same for the second four hours of the cycle, the procedure was re-
peeted for the reverse direction of the tape. Figure 2-25 shows a spectrum
analysis of the synthetic random voltage recorded on the tape.

T T T T

p——

t , The initial five minutes of the tape has random vibration at the 0 édB (3.31
; | G rms) level recorded on it. This is used by the operator to set the amplifier
P gain so that it reads 3.31 G rms on the true RMS meter. This is a one-time

: adjustment. (Zero on the tape counter occurs at the conclusion of this five-
minute period. Therefore the period is not repeated on subsequent cycles be-
cause of the automatic tape reversal.)

PROGRAMMING OF SWITCHED EVENTS - The Reliability Demonstration program
requires that five switched events, i.e., vibration, temperature, humidity, test
article power, and test article cooling, be turned on and off at selected times in
the program. Table 2-7 was prepared showing the timed sequence of these

events. It should be noted that the vibration on and off command was timed to

‘ initiate operation several minutes in advance of the actual taped random signal

¢ ‘ that is on the left channel of the tape recorder. Humidity timing was also in ad-
vance of the requirement, since it takes about 10 minutes to fill and drain the
humidity pan.

1 o Programming of the right channel is accomplished using the Multiplex Sys-
’ tem programmer. With the tape in the record mode, the appropriate switch on

the program is turned on for 2 to 3 sec. at the scheduled time of each event.
The 11 kHz programming switch is left on during the entire time the tape is

running.

To satisfy the eight-hour test cycle requiremeit, the tape is stopped at the
conclusion of the first four hours of the program, and a }" piece of aluminum
tape is bonded to the recording tape. In the normal tape playback operation
mode, the aluminum tape will automatically activate the tape reverse solenoid,
causing the second four hours of the program to be played. In order to record
the second half of the program, the tape reels must be interchanged (because the

2-53
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E Table 2-7 Muitipisx Systam — Relishility Demoistrotion Test Event Schedule
§
¢ PROGRAM  TAPE vIB TEMP HUM PWR COOL VIB REMARKS
5 TIME HR COUNTER LEVEL
- -0,98 8700 ON OFF OFF OFF  OFF O DB SETUF PHASE
~0.02 9920 OFF " " " " O DB " g
H 0. 00 0000 " ON " " " - START ;
E 0.50 0470 " " " oM " - 4
| 0.75 0724 ON " " " . - !
; 1.00 0860 " " " " " -% DB
K 1 . 03 0991 " 1 " " " -9 DB
E 2 . 08 21 29 " 1] " " " _3 DB
A 2'33 2428 H n " 1) 1" 0 DB
E 2.53 26?2 " 1" " " " -3 DB
2.58 2735 " " u " " -9 DB
5 3.83 4548 " " ON " " -9 DB :
P 4.00 4849 OFF " " OFF v -
i 4.00 » 4852 " " " " " - # TAPE REVERSES
. 4,50 4013 " " " OoN ON -

3 4,75 3641 ON " v " " - j
: 5,00 3287 " " OFF " " -5 DB _
5,03 3250 " " " " " -3 DB

6.17 1850 " " " " " -3 DB |
B“1 1550 " " B " 1] 0 DE g

8'53 1450 11 1] " H 1 _3 DB

8 N sa 1 400 1] " 1] 11} " _9 DB

7.90 0004 OFF  OFF " CFF  OFF -

8.00 * 0000 " " " " " - * TRAPE REVERSCS
)

R N U S
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recorder does not have recording heads for the reverse direction) and the bal-
ance of the program recorded.

The recnrding, which has the random signal on the left channel and the
switching events on the riglit channel, was accomplished simultanecusly. This is
essentially a real-time process with four hours required per side to make the re-
cording. The tape recorder does permit separate recording of each channel, but
starting and stopping of the right channel recording should be avoided since it
will result in intermittent interruption of the tape running signal which controls

B T

' the cam drive motor.

Timing synchronization between the tape program and the temperature cam
is unregulated and relics on the tape cycle to equal exactly the cam rotation peri-
od. Since anticipated errors of 2 to 3 minutes per cycle can add up to significant
mistiming after a week of operation, it is recommended that the cam be manually

resynchronized with the tape every 24 to 48 hours.

B e L
. " - .

minute test program was recorded to serve as a laboratory demonstration program
to show the capabilities of the Multiplexer system. The test profiles were taken
' from the eight-hour reliability demonstration and re-sequenced to provide as
many programmed events as practical within the 30-minute test period. Since the
chamber thermal response is too slow to perform a complete hot-cold eycle within
' - the test perivd, the end of the high humidity portion of the eight-hour reliabil-
ity demonstration cam was used for this demonstration tape. The test profile is !

{ 2.3.4.2 Short Demonstration Test Program - As mentioned previously, a 30-

e B o

shown graphically in Figure 2-26.

RANDOM NOISE PROGRAM - The rundom noise signal was derived and recorded j
on the tape essentially the same as it was for the eight-hour Reliability Demon- ]
stration test. One change, however, was made to demonstrate the versatility of

the tape method for applying dynamic stimulation. Data from a high rate gatt-
ling gun cannon firing was mixed with the random noise signal and recorded on
the second side of the tape. A 100-round burst at a rate of 6000 rounds per
minute was added to the 2.34 G rms random, and a 190-round burst at a rate of
4000 rounds per minute was added to th: 1.17-g rms random level. This resulted
in short-duration peak acceleration levels of about 11 g. Figure 2-37 and 2-28

show typical acceleration time histories of a 100-round caanon burst. This ;

2-56
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simulation accurately reproduces the acceleration stress an avionic unit located

near the cannon would experience during a gunfire mission.

Programniing of Switched Events - The short demonstration test program re-

‘ quired the switching of the same five events, ie., vibration, temperature, )

; ' humidity, power on and off as the eight-hour Reliability program. The pro- '
' gramming method was exactly the same, and Table 2-8 shows the time se-

quence of the test program as recorded on tape.

2.3.5 System Operation

b Test operations consisted of running the Multiplex system through several

} ' test cycles while sampling test data and noting hardware and procedural prob-
lems. The initial test runs were made with the eight-hour Reliability Demonstra-
tion test program. During the final phases of the test program, test runs were
made with the 30-minute short demonstration test program. Figure 2-29 shows a :

Lo

Multiplex test operation with the 8-hour program.

2.3.5.1 Reliability Demonstration Test Program- Almost all of the initi.d prob-
lems occurring during early test runs were with the environmental test chamber.

Qe
T T Ty e - ..

Since the chamber's cam programmer controls the temperature and humidity,

failures to follow the temperature profile are not the fault of the Multiplex sys-
[It should be noted, however, that

T4 oy

tem and so will not be discussed in detail.
ability of the chamber to follow the required temperature - humidity profile

should be verified in a normal mode prior to applying the Multiplex system.]. i
Timing of the turn-on of the humidity water is critical since it occurs in the ’
transition range of -65°F to +160°F. It must be timed to occur after the freezing g
5

i

]

|

R T LT

" point is passed. For long-term tests, it would be advisable to install a temper-

ature switch interlock to prevent water turn-on when temperature is below

freezing.
Vibration control with the taped input was without problems., System over- i
all linearity was excellent, resulting in nominal G rms readings at all four test _:
levels. Spectrum analysis of the control accelerometer, taken at different test '
levels and test temperatures, were within the allowable tolerance band. (See .‘

Figure 2-30 for a typical plot.) |

C AR
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Table 2-8 Multiplex System — Short Duration Demonstration Test Event Schedule

? : PROGRAM TAPE VIB TEMP HUM PUWR cooL viB REMARKS

. TIME HR COUNTER LEVEL

. -0.08 9778 ON ON ON OFF OFF O DB SETUP PHASE

f -0.02 9953 QFF " " " " O DB "

' o . 00 0000 1 1" n " n - STRRT

{ 1] 0 . 02 004? " " ] ON " -

: 0.07?7 0191 ON " " " " -

. 0.08 0238 " " " " ON -5 DB

E o . 1 3 0388 1 " " " " -3 DB

; 0.18 0547 " " " " " O DB

¢ 0.23 0713 OFF " " " " O DB

N - 0.25 = 0?72 " n " " " - * TAPE REVERSES

E ’l 0‘2? 0?28 n " OFF 1" n -

b 0.28 x 0668 ON “ " u " -3 DB x 100 ROUND CRANNON
§ 0.30 0E15 " " " " QFF -3 DB FIRE - HI RATE
- 0.33 050% " " " " " -3 DB

; 0.35 x 0450 " " " OFF " -9 DB x 100 ROUND CRANNON
P 0.40 0294 " " " " " 0 DB FIRE -~ LOW RRATE
L, 0.42 0245 " b " ON ON 0 DB

§ 0.45 01486 " " " " " -5 DB

? 0.47 0087 " " " OFF OFF -

! 0.48 0048 OFF " " " " -

[ N.50 » 0000 " " " " " - % TAPE REVERSES

g R81.0639-056W

5

E’ -

i

L

;

f i

+

§

r LI
R81.0639-070W

Fig. 2-29 Multiplex Test Operation with 8-Hour Program
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The vibration dump circuit was initially wired through the tape running re-
lay in addition to the g-rms meter relay. This was found to cause problems if
there was any momentary interruption in the tape running signal (as might occur
if any editing was done on the control channel of the tape). The dump circuit was
therefore wired only through the meter relay (see Para. 2.2.2). No problems were encounter-
ed in the operation of the dump circuit as activated by the overtest meter relay.

TR Fm AT O e o o non s s e e

The tape deck used in this program performed flawlesslv. One feature of

the deck, however, can cause a minor problem. The tape counter is electronic
and, when power is turned off and then on again, the counter automatically re-
turns to zero regardless of the position of the tape on the reel. Therefore, visi-
ble cueing tabs must be used on the tape to establish important counter references
such as program start and end. It would be recommended that power be left on

Skts ol

3 during the duration of the test program to avoid rewinding and re-zeroing the tape.
1

The system hold capability was checked and found satisfactory. The system
goes into hold when the tape is stopped, with the exception of the vibration level
which goes to zero when the tape is stopped. The test clock hold switch must
also be activated to keep the test clock from advancing. The temperature -

L : humidity condition at the start of the hold is held automatically by the chamber
controller. Testing is resumed by starting the tape again and putting the test
clock back in run position.

2.3.5.2 Short Demonstration Test Program - This 30-minute test program was

: recorded and run at the end of the Multiplex development program as a lab dem-
onstration of the system capability. No problems with system operation were i

s e 2

E . encountered. Spectrum analyses of the control accelerometers were all within

tolerance. (See Fig 2-31 for a typical plot.)

The only unique feature of this test was the two simulated cannon bursts

dubbed onto the random tape. Since the acceleration measures about 11 G rms
for the short duration of the burst, the vibreation dump switch had to be bypass-
ed to prevent the dump circuit, which was set at 4 G rms, frem activation during

this portion of the program.

AT e o i m e
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2.3.6 Conclusions and Recommendations

2.3.6.1 Conclusions - The purpose of the Multiplex system was to provide a low-
cost technique capable of providing open-loop control of environmental test

' equipment. The system was to provide control during the long-term Reliability
Lo Demonstration Test Programs, with a tentative cost to fabricate at less than ten
thousand dollars. The system has demonstrated its ability to control the test
environments with a hardware and labor cost well below the target costs.

The simplicity of design permits reproduction, checkout and utilization eas-
ily accomplished by personnel at the technician level. The prototype was de-
signed for eight control channels. The addition or subtraction of channels is
possible, permitting the unit to be tailored for a specific test. The low cost
would also allow several small units to be fabricated and dedicated for each test

T T e T
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program,
One potential problem with the system is the use of thin 1.0 mil tape in

order to get a total of eight hours of testing. Problems with tape stretch or
breaking may be encountered with prolonged (thousands of hours) usage.

P ’ 2.3.6.2 Recommendations - Utilization of the present Multiplex System, and any
similar system fabricated in the future, could be further enhanced by inclusion

. ' of the following recommendations:

e Test profiles, wherever possible, be shortened (to approx. 6 hr) to
permit the use of heavier recorder tape, in order to minimize the po-

tential problems of stretch & breakage

e Miniaturization of the display, switches, etc. would make the unit more
portable and less bulky

e Redesign of the test clock to facilitate setting the accumulated test time

each time the system is turned on

e Inclusion of an additional/ground circuit in the tape running circuit to
permit bench checkout without actually running the test tape

e A more convenient method of interfacing test equipment than the pres-

ent barrier strips.
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2.4 MICROPROCESSOR SYSTEM

The objective of the microprocessor system was to provide an inexpensive
programmed controller that would readily interface with all laboratory vibration
and environmental equipment. It was intended to functiou with the random tape
deck as a "stand-alone" test system, obviating the need for sophisticated control

and measuring equipment in the laboratory.

The system described here meets all these requirements, and has the capa-

bility and versatility for expansion into other areas of testing as well.

Y e

2.4.1 Approach
The microprocessor features required to accomplish the objectives of the
program can be summarized as follows:
(1) Programmable in BASIC language to facilitate programming by inexperi-
enced test personnel
(2) Control interfaces to handle switching of a minimum of ten test
functions
(3) Data interfaces to handle a minimum of two temperature sensors and

one accelerometer

(4) Internal clock to schedule and keep track of test time

B R e s T PV

(5) Sufficient memory and processor capability to provide constant
monitoring and contral of three variables in addition to scheduling

ig ' events and storing data
" (6) Ease in loading and storage of test programs

(7) Convenience peripherals - CRT display, terminal keyboard, and i
paper printer,

E The initial search for this type of a computer system was in the home com-

puter field ir_l the hopes of keeping costs very low. While many of the home

computers had the memory and capability to handle the type of program antici-
pated, they did not have the specialized interfaces necessary to handle thermo-

B

couple and accelerometer data inputs.
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Further investigation led into the area of desktop computers. These sys-
tems have the required capability and instrumentation interfaces without the
high r rice of the fullsize dedicated computer system. The details of the system
finally purchased for the program are discussed in detail in Para. 2.4.3.

One further system requirement that was considered desirable was a method
of verifying the spectral density of the applied random vibration, particularly
in the case of a test article or system failure. This task was considered too com-
plex Lo be programmed in BASIC so an alternative approach was implemented.
It was decided to use one channel of the stereo tape deck to record the control
accelerometer during the test. This would provide the capability to playback
the data through a spectrum analyzer, if specirum verification was required.

Two approaches were considered with regard to the taped random vibration
test level profile. The profile couid be programmed on the tape as was done for
the multiplex sysiem, or a single amplitude signal could be recorded on the tape
and the microprocessor could change the level as required to meet the profile.

The first approach, using the multiplex-type system, has several disad-
vantages. Changing vibration level on the tape requires that the tape and com-
puter program always be tiine synchronized, and the length of the program
cycle is again limited by the duration of the tape program, or a maximum of

eight hours.

The second approach was chosen since it would accommodate any length
program cycle. It also could be made completely independent of time synchroni-
zation with thv computer. This was accomplished by recording the synthetic
random noise on an "endless loop" tape cassette. This type cassette is designed
like an 8-track cartridge and is intended primarily for use in tele~hone answer-
ing cassette decks. It has a 12-minute cycle which continually repeats as long
as the tape machine is running. Since the same random signal is continually
sent to the computer, the tape deck becomes completely independent of the pro-
gram timing. Details on the selection and characteristics of the deck are pre-
sented in Subsection 2.4.,2.

One minor inconvenience in using the endless locp cassette is that it must be

orerated in the near-horizontal position to reuuce winding friction, Thic required

vertical mounting of our tape deck in the control consol:.

4
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The control of the vibration level by the computer also presented two
alternative approaches. The signal level could be automatically varied by the
computer to bring the feedback accelerometer signel to the required test level,
or the signal level could be varied using pre-calibrated resistors at the required
programmed time without positive control from the feedback accelerometer.

The first method of automatic control was discarded for several reasons.
It was inb :rently the least safe, since a loss of accelerometer signal would over-
drive the shaker system. It would require a fast sampling rate to suppress
cycluig of the test level, Lastly, it would require the purchase of an additional
type of D-A modular board.

For these reasons, the second approach was chosen and a circuit designed

to provide the test level changes required using available relay switching logic.

2.4.2 Tape Deck Evaluation

The cassette recorder selected for use in the Microprocessor portion of the
program was unique, as a review of the aviilable manufacture's brochures and
catalogs indicated. It was at that time, ana may be presently, the only standard
cassette recorder available that permits simultaneous recording during playback.
The recorder is designed to allow recording on the right channel while playing
back a previous recording on the left channel. In this program, this technique
allowed recording response or control accelerometer data while the pre-recorded
vibration spectrum, in accordance with NAVMAT P-9492, was being played into
the shaker system. The selection of a standard cassette recorder, rather than
the reel-to-reel recorder used in the multiplex system, allowed use of endless
recording tapes presently available.

The recorder chosen was the TEAC-124M which was designed for audio-
visual applications. The unit initially could not be used with a vibration system,
primarily because of poor separation between adjacent heads, although minor
problems were also present with the low-frequency response and output level.
The supplier was requested to modify the basic recorder to meet the require-
ments of the program. The unit was returned to the supplier for these improve-
inents and modifications, after which the recorder performance was checked.
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The modification included the use of a four-track recording head, additional

amplification, and improved low-frequency response.

The four-truck head provided the needed head separation by using the two
outside tracks in order to minimize the crosstalk between channels. The output
level improvement was accomplished by insertion of another amplifier stage in
the output. There are now two sets of output jacks on the rear of the unit.
Low-frequency response was improved by adjusting the circuit capecitors to
maximize the low-frequency response while diminishing the high-frequency
(greater the 2 k Hz) response. The resulting recorder is unique to the program
and can not be used as a normal recorder since only the 'A' side of the tape may
be used and the upper frequency response is no longer adequate.

Upon arrival of the recorder in the laboratory, several tests were perforin-
ed to verify its suitability. These tests included a frequency response checkout
at 0 dB recording level for various bias and equalization modes. This test was
needed to select the best recor :ing and playback modes in an attempt to optimize
the low-frequency response. Upon selection of the correct record and playback
modes, a series of response plots was made. These plots were with recording
levels from +3dB thru -40dB (six total), from which an average response curve
(Fig. 2-32) was derived. Verification of the recorder output and low-frequency
response was accomplished during these tests as well. The next check was the
crosstalk level, which was accomplished by two methods.

First, a series of frequencies was recorded on the right channel while the
left channel frequency response curves were played into a spectrum analyzer.
The second test performed when the first check proved encouraging, was con-
ducted with the vibration system. A sinusoidal sweep was recorded on the left
channel and then played back through the shaker while the control accelerometer
was recorded. The effects of the crosstalk, which initially could be heard
through the shaker, were measured with a real-time analyzer.

Finally, when the recorder adjustment and response testing was completed
with standard cassettes, the endless cassette was tested. The frequency
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The tape deck employed meets the foliowing MIL-P-8492 require-

ments:

a.
b.

~® a s

Frequency response: 20-2000 Hz, :3 dB

Dynamic range: The unit shall be capable of recording input
signals with variations of 40 dB within the frequency response
requirements defined in a. above.

Signal to noise ratio: 50 dB min.
Wow and flutter: 0.07% max.
Tape speed: 1-7/8 or 3-3/4 inches/second

Tape counter: The unit shall incorporate a tape counter with
reset,

Meeting: The unit shall include a VU meter for each channel
which will function in both record and playback modes.

Fig. 2-32 Average Frequency Response Curve for TEAC — 124M Tape Deck
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response of the tape an2 recorder was verified before its final inclusion in the

Microprocessor system,

2.4.3 System Design

One of the main criteria in selection of the desktop microprocessor used in
the program was that all interfaces and peripherals be readily available from the
computer manufacturer so that the system design could proceed in a modular
fashion. The design requirements were therefore organized as follows:

e Microprocessor

- 48 K minimum RAM memory

BASIC language programmable
Typewriter input with CRT display
Tape or disk program storage

Internal clock for program timing

o Interfaces

- Data input interface for following:

(1) Dry-bulb temperature (thermocouple)
(2) Wet-bulb temperature (thermocouple)
(3) Acceleration (high-level AC signal)

- Switch outputs for the following:

(1)
(2)
(3
(4)
(%)
(6)
(7N
(8
(9

Temperature air circulator
Humidity water

Air heater

Air cooler

Water heater (humidifier)
Water cooler (dehumidifier)
Test article power

Test article cooling
Vibration

(10) Vibration overtest dump

2-1
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(11) Vibration Level control
(12) Vibration Level control
(13) Vibration Level control

e Peripherals
- Paper printer for record storage
- Stereo tape deck (discussed in previous section)

2.4.3.1 Microprocessor - The microprocessor chosen for this program was the

Motorola Exorset 30. The computer uses the 8 - bit MC 6809 microprocessor.

It is a desk top system complete with typewriter terminal, 8-inch CRT display,
and two miniature floppy disk drives. It includes 48 k of dynamic RAM and
operates in BASIC language. Table 2-9 gives the complete manufacturer's spec-
ification for the system. The list price at time of purchase was $5995, which
compared favorably with other systems examined. Fig. 2-33 shows the micro-

processor and the printer.

2.4.3.2 Interfaces - The required interfaces outlined in Para. 2.4.3 fall into

two general types:
(1) A-D (Analog to Digital Conversion) Input
- Two low-level (< 80 mv) DC thermocouple inputs

- One high-level (> 500 mv) AC voltage signal from accelerometer

charge amplifier
(2) D-A (Digital to Analog Conversion) Ouput
-  Thirteen channels of switch closure, carrying from 300 mv AC at

.2 amps (audio from tape deck) to 110 VAC at 5 amps (temperature

air circulator)

A-D CONVERSION MODULE - The computer manufacturer had available a single-
channel low-level A-D modular board with an expansion board to handle the two

additional channels (capability of expansion to 16 channels).

The board had built-in linearization curves for the type thermocouples to
be used in the temperature chamber. Iliowever, external cold junction compensa-
tion had to be used for each thermococuple channel.
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Table 29 Manufacturer's Specification for Exorsat 30

]
i
1
]
i

1. Main Controller Board Specifications
Power requirements (max) S5V/6A, +12V/1A, -12V/1A
Operating temperature 0 to 50 deg.C
Processor MC6809
: Word size
i Data 8 bits
i ; Address 16 bits
. : Instructions 8, 16, 24, 32 bits
é Instructions - 59 instruction mnemonics
i Addressing modes 10
é Clock cycle time 1 microsecond
{ :
: Baud rates 110 - 2400 i
b \
Memory size up to 32K bytes of RAM and up to 24K bytes i
of EROM available to user. E

Serial interface

AR 1 T B Ly o

Input EIA RS-232C g
Output EIA RS-232C
: Physical Characteristics i
: , Dimensions (WxD) 9.76 in. (248 mm) x 19.84 in. (504 mm)
E ]
b . Board thickness .063 in. (1.6 mm)
s 1/0 connectors
4 Parallel interface 50-pin card edge connector
Serial interface 20-pin card edge connector
F Cassette S-pole DIN connector
CRT Coax connector
1 Keyboard ASCIT: flex-tail, 23-pin or card edge, S0-pin
3 - Function keys: flex-tail, 8-pin or card edge,
1 20-pin
3 2. Floppy Disk Controller Board Specifications
3
3 Power requirements (max) 5V/0.6A, +12Y/0.2A, -12V/0.15A
: , Operating temperature 0 to 50 deg.C !
Memory size 16K bytes of RAM, 1K bytes of EROM '
(disk driver)
Interface
. Output TTL open collector
Input 220/330 ohm line terminations ‘
Physical characteristics ]
Dimensions (WxD) 9.76 in, (248 mm) x 5.75 in. (146 mm) !
Board tnickness 063 in. (1.6 mm)

L RB81-0639-059(1/4)W
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Table 2-8 Manufacturer's Specification for Exorset 30 (Contd)

Connector, 1/0

Connector, bus

34-pin card edge connector

86-pin card edge connector

3. Video Display Specifications

Cathode Ray Tube

Power input

Input signals

{ideo response
Pulse rise time
Resclution

Distortion/linear

High voltage

Horizontal blanking

Scanning freq.

Controls

NDimensions

Weignt

[ nvironment

9 inches measured diagonaily (22.8 cm) - 44
sq.inch viewing area (284 sq. cm) - 90 degrec

deflection angle -  integral im
protection - P4 (white) or P31 f
phosphor.

12 Vdc at 900 milliamperes

Composite video , 0.5 to 2.5 V composite P/P

negative sync , input impedance : 75 ohms
Within 3dB , 10 Hz to 12 MHz

20 V rise in 40 nanoseconds

650 lines at center , 500 lines at corners

Less than 2% , mecasured with standard EIA ball

chart and dot pattern

9.0 kv at 50 microamps beam current

11.0 microseconds maximum (includes retrace

and delay)

Horiz. 15,750 +/- 500 Nz, Vert. 50 / 60 Hz

Brightness, vertical linearity, horizontal

size, raster centering, vertical
horizontal hold

7.25 inches high {18.4 cm)

9.50 inches wide (24.1
9.48 inches deep (24.1 cm)
Net 8 lbs (3.6 kg) -

Operating temperature 0 to 50 degrees C
Storage temp. -40 to +65 C

Operating altitude 10,000 ft max. (3048 m)
Humidity 10% tc 90% relative, non-condensing
Designed to ena le listing under UL spec. 478
Designed to ¢cc y with applicable DHEW rules

on X-radiat-

4, Mi.i-floppy Disk Drive Specifications

Type

Storage capacity
Formatted

R81-0639-059(2/4)W

BASF 6106

81,920 bytes/disk
40 tracks/disk

2,048 bytes/track
16 sectors/track
128 bytes/sector
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Table 2.9 Manufacturer’s Specification for Exorset 30 (Cantd)

Access time

' Latency 200 ms max / 100 ms average
Track to track 12 ms
Average 240 ms
Settiing time 50 ms max
Head Toad time 35 ms max
. Rotational speed 300 RPM
{ i Recording density - 2768 BP{ (inside track)
i Flux density 5536 FCI
: Track density 48 TP1
E,
' Track radius 2.25 in. (57,15 mm) (track 0)
g 1.4375 in. (36,5125 mm) (track 39)
f Ercoding method M
3
E Media requirements BASF 606 or equivalent
Environment

Operating temp. 10 to 50 de  C
Relative humidity 20 to 80 %

Power requirements +5 Vdc / 0.5 A max,
max 50 mVpp ripple
+12 Vdc / 0.6 A max,
, max 100 mVpp ripple
. Orive motor start current
1.4 A max, 1.2 A typ.for 50 ms

T R S ey g gy o

E

! Head load start current ]
i 0.7 A for 50 ms ;
b Power dissipation 10.5 W operatin ]
! 4.0 W stand-by ?motor off)

8.0 W motor on and desselect

Mechanical dimensions
g Width 5.75 in. (146.1 mm) i
- . Height 2.11 in. (53.5 mm) drive, i
: 3.25 in. (82.5 mm) front panel ;
: Depth 7.48 in. (190.0 mm) ;
; Weight 3.087 tbs. (1.4 kg) ]
2 i
L‘ 5. Keyboard Specifications i
3 !
ASCII keys number 61 i
J
Output 8 x 8+ 6 x1 matrix ;
i
Function keys number 16
Output 4 x 4 matrix :
Contacts screened mylar technology or mechanical :
. 1
"On" resistance ¢ 200 ohms
Physical dimensions 16.42 in. x 6.30 in. max. (417 x 160 mm max) (outline
dim.)

R81-0639-059(3/4)W
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Table 2-9 Manufacturer's Specification for Exorset 30 (Contd)

6. Power Supply Specifications

Input voltage

Output voltages

Calibration range

Over-voltage protection

Power fail
(Transients)
Remote sense

Operating temp.

95 to 125 / 205 to 250 VAC
47 to 420 Hz single phase

+5 Vdc / 10 A, 2mV RMS ripple
-12 Vdc / 1.0 A, 1 mV RMS ripple
+12 Vdec / 5.0 A, 1 mV RMS ripple

+5 Vdc +/- 0.5 Vde
+/- 12 Vdc +/- 1.0 Vdc

5 Vdc output -~ output rise to 7 V reduced to 5 V or
less within 50 microseconds

S5Vdc : +7 V / -0.5 V max
+12 Vdc : +#17 V / -0.3 V max

5 Vdc output - compensate up to 0.5 Vdc drop
0to 70 deg C ~ 70 % derating between 50 and 70 deg C

Dimensions
Length 9.5 in. (241.3 mm)
Width 6.25 in. (158.8 mm)
Height 5.0 in. (127.0 mm)
1. Cnclosure Specifications
Material Polyurcthane, fire retardant

Dimensions
Width
Height
Lenyth

Weight
R81-0639-059(4/4)W

18.3 in. (465.0 mm)
11.0 in. (280.0 mn)
25.2 in. (640 mm)

13.89 1bs. (6.300 kg)

2-76




IR

B 2 b s 4 At

1 R81.0639-071W

Fig. 2-33 Microprocessor and Printer

I

e g W1

2-717



t
4
E.
i
3
b

TR 4o g e

P —

m————— - r———r——

The high-level AC signal from the accelerometer had to be reduced to the
80 mv maximum handled by the board using an attenuator potentiometer. How-
ever, sampling the complex AC signal (random vibration) and integrating it to
yield true RMS would require complex software and a very high sampling rate.
Therefore, it was decided to process the signal external to the board using the
DC output of the charge amplifier. This DC signal is proportional to the average
of the AC signal, with some damping applied since it is used to drive the internal
acceleration meter of the charge amplifier. This provides a relatively stable DC
acceleration signal, requiring only a single sample for an accurate measurement.
However, since the signal is proportional to average acceleration, it must be
calibrated with a random noise source and a true-rms meter prior to use. This
is accomplished with the pre-test calibration prograri) described in Para, 2.4.5.1,
The manufacturer's specification for this board is shown in Table 2-10.

D-A CONVERSION MODULE - The computer manufacturer had available a 16-
channel digital output module board which provides 16 isolated switch closures

using reed relays. The relays, however, are rated for a maximum of 0.5 amps
at 28 Vrms: Since this is well below most of the switching requirements, the
computer manufacturer supplied an additional relay board with 16 solid-state AC
relays rated at 3.0 amps. These solid-state relays were activated with a 5-volt
DC supply using the reed relay switch closures on the D-A board to supply the

control logic.

These solid-state relays worked well for the high-voltage switching require-
ments of the environmental chamber. One circuit, the chamber air circulator,
has a start-up current of about 5 Amp and had to have an intermediate stage
using a 10-Amp relay.

However, these solid-state relays would not switch the low-level (500-

800 mVrms) audio signals from the tape deck. These solid-state relays require a
minimum load voltage of 24 VAC to switch. Therefore, another set of intermedi-

ate relays had to be used to switch the audio signals.

For future use, it is recommended that a solid-state relay board not be
used. Rather, individual relays, sized for their required load, should be used
with the D-A modular board. The manufacturer's specifications for these com-

ponents are shown in Table 2-11.

2-178

et e A s i’ .



T S

N ——— e o

o

S e

T oy ——

Table 2-10 Manufacturer’s Spacification for A-D Module

CHARACTERISTICS

SPLCIFICATIONS

Power Requirements
MM158
MM15BEX

Micromodule Bus {MM15B)
Address Bus
Control Bus
Data Bus
Module Input
Moduie Output

Expander Control (P3)

Analog Input (P2)
Operating (Full Scale)
Common Mode Voltage
Maximum, continuous without damage
Impedance
Current
Common Mode Rejection
Normal Mode Rejection
A7D Conversion
Resolution
Relative Accuracy (Linearity)
Quantization Error
3 Sigma Noise

Stability
Tempco of Linearity
iompeo of Gain
Tempeo of Offset
Conversion Time
Random Channel Scan

Sequential Channel Scan of
four or more channels

Operating Temperature
Physical Characteristics
Width x Height
Roard Thickness
pbus Mating Connector Types

8b-pin connector (1)

Zu-pin connector (1)
Analog connector

RB81-0629-060W

+5 Vdc +5% at 1.2 A (max.)

+5 Vdc +5% at 200 mA (max.) plus 100 mA
per channel

TTL compatible buffered input
TTL compatible buffered input

TTL compatible buffered input
TTL compatible buffered output

TTL compatible input/output

425 mV, +55 mv, +80 mV

4500 Vdc or 1000 V p-p ac

220 Vac

>1000 megohms

2 na (max.) at 70°C

150 dB at dc, 100 d& at 60 Hz
>60 dB at 60 Hz

15 bits plus sign

+0.01% FSR #1 count

+1/2 LSB

<2 uV RMS referred to input

6 PPM FSR/°C
20 PPM FSR/°C
0.5 mv/°C max.

133.33 ms max. for * Full Scale input
66.67 ms min. for zero volt input

83.33 ms max. for + Full Scale input
16.67 ms min. for zero volt input

0° to 70°C

9.75 in. x 5.75 1in.
0.062 in.

Stanford Applied Engineering
SAC-43D/1-2 or equivalent

3M 3461-0001 or equivalent
Buchanan PCB3 or equivalent

2-79
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RANDOM VIBERATION LEVEL SWITCHING - The test profile requires four differ-
ent levels of random vibration at various times in the program cycle. As was
discussed in Para. 2.3.1, it was decided to accomplish this by switching resistors

' into the audio path from the tape deck. As a safeguard, the system was designed so
that a 50k-Ohm resistor is always in series with the audio signal when vibration is switched
on. This, in effect, always sv._iches the system to the lowest test level - 9db
(1.17 G rms) when vibration is enabled. (Relay #9). To reach the higher test
levels, an additional relay must be activated which applies another resistor in
parallel with the 50 k resistor. For example to test at 0 dB (3.31 G rms), Relay
#9 and #13 must be activated, which switches a 6 k resistor in parallel with the

;. 50 k series resistor for an effective circuit resistance of 5.5 kQ..

e g

TR e -

“ The resistance values required for a particular set of test levels can be ‘
readility determined empirically using variable resistors or a decade resistance ]
box during the setup phase of the test.

l | PERIPHERALS - In order to have a permanent record of test temperatures,

s ok’ A i

| - accelerations and tolerance compliance with respect to time, a printer was re-
' quired for the system. The unit chosen was an IDS-440 manufactured by
Integral Data Systems. It features automatic line buffering of 256 bytes to per-

R T T T T e I

mit quick transfer of data from the computer without slowing system performance.
The manufacturer's data sheets are shown in Table 2-12.

L= ong

The requirement for two A-D boards and one D-A board exceeded the
: . available spare bus connectors in the terminal (two available). Therefore, a
: four-board card cage had to be purchased for the computer. The manufacturer,

however, did not have standard cable connectors to tie the computer bus to the

card cage bus. This 86 wire cable had to be hand wired, using two cut-down
extender boards to complete the card cage hookup.

i s e s -

The final system component required was the Stereo Tape Deck, which is
described in detail in Para. 2.4.2.

2.4.3.3 Microprocessor Interfacing - The microprocessor interfaces with four
segments of the test system:

e Temperature - humidity chamber

i

¢ Vibration shaker system

2-81
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Table 2-12 Manufacturer’s Specification for Printer

PERFORMANCE SPECIFICATIONS

4.

b.

Serial Baud Rate: Switch selectable data rates of 110, 300, 600, or 1200 bits per second (bps).
Character Density: 8.3, 10, 12, or 16.5 characters per inch (cpi), DIP switch seiectable, plus
enhanced (double width) characters at each density.

Print Speeds: Maximum of 198 characters per second (cps) instantaneous at print density of
16.5 characters per inch (cpi); 144 cps at 12 cpi; 120 cps at 10 cpi; and 100 cps at 8.3 cpi.
Maximum Sustained Throughput: 92 cps at print density of 16.5 cpi; 67 cps at 12 cpi; 56 cps at
10 cpi; and 45 cps at 8.3 cpi.

Lines Per Minute: 275 lines per minute with 10 character lines; 42 lines per minute with ful!
lines of 132 characters (at 16.5 characters per inch).

Maximum Line Length: 66, 80, 96, or 132characters across an 8-inch print width, at 8.3,10, 12,
or 16.5 cpi respectively.

Buftering Capabilities: Automatic multiple line buffering. Standard size of 256 bytes and
optional size of 2048 bytes for full CRYT screen and graphics buffering (supplied with
graphics plotting option).

Lines Spacing: Six or eight lines per inch, DIP switch selectable.

Forms Control: Eight DIP switch selectable form sizes of 3, 3.5, 4,5.5, 7, 8.5, 11, and 14inchs
with DIP switch enabled 1 inch perforation skip. Top of form controlled manually (via
operator control) when off lin2, or automatically during on line operations via ASCH! FF

control code,

PERFORMANCE FEATURES

Microprocessor Controiler

Built-In Diagnostics

Serial/Parallel Interfaces

Character Set

Paper Drive

Paper Types

Print Formai

Print Speed
Line Length

Page Format

Buffering

Ease of Operation

Microprocessor based hardware/firmware architecture
directly supervises and controls all print operations, and
enables operator issued ASCH control codes taselect/change
configuration and control functions,

Automatic test of microprocessor program and buffer
memory during power-up. An additional operator initiated
test prints repetitive patterns for visual checks of print qui Jity.

Serial RS-232-C. or Parallel TTL level interface (compatible
with Centronics}.

Full upper and lower case ASCIL, with 12 standard and one
optional control codes.

Stepper motor driven pinfecd tractor.

Pinfeed fanfuld, or roll in widths from 1.75 to 9.5 inches,
including pinfeed holes.

Four selectable character densities from 8.3t0 16.5 characters
per inch, plus enhanced mode (double width) characters at
each density.

Up to 198 cps tinstantaneous) at 16.5 cpi, with sustained
throughput 10 92 cps.

Variable, up to 132 characters at 16.5 cpi imaximym eightinch
priat width,)

Eight selectable form lengths from 3to 14inches, with seledt
able page boundaiy skip of 1inch. Selectable line spacing of 6
or 8 lines per inch.

Automatic muhiple line buffering of 256 bytes (standard) or
2048 bytes (supplied with optional graphics plotting maode).

Operator accessible controls and indicators enable fast,
simple, operations.

Maintainability Built-in automatic and operator initiated diagnostics ad
troubleshooting. Modular construction atiows rapid repait or
replacement of parts.

R81-0639-062W
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o Tape deck
o Test article support equipment
Figure 2-34 shows a block diagram of these interfaces.

P For convenience, the tape deck and the A-D and D-A modules were mounted

in the Multiplex system console. This permitted both systems to be connected to
the exciter, chamber and test article support equipment interfaces, which were
wired to the multiplex console, Figure 2-35 shows the back of the multiplex
console, showing these interfaces and the microprocessor components.

The mounting of the ‘ape deck is shown in Figure 2-36. This swing-out

mounting was closed during test runs. This provided the horizontal plane inat
the "endless loop" cartridge required.

e« = g (A T

As noted previously, the test article support equipment was limited to a
cooling blower and simulated test article power.

2.4.4 System Programming

Four programs were written to conduct various phases of the test proce- ,

dure. The names o1 thhe programs and the function each performs are listed in f

. Table 2-13. Several memory locations are reserved for the timing, transducer
' input, and instrumentation switching capabilities. These memory locations are
listed in Table 2-14. A description of each program along with flow charts i

Figure 2-37 to 2-43, and listings, Table 2-15 to 2- 18 follows. ‘

2.4.4.1 "CALIBRATE" - The CALIBRATE program is run by inputing the chan-
nel desired for readcout 0, 1, or 8. Lines 80 to 130 will print out the dry bulb
temperature continucusly if channel 0 is selected. Lines 180 to 220 perform a
similar function for channel 1, the wet bulb temperature. Printout of DC voltage
proportional to rms acceleration is performed by lines 250 to 300 for channel 8. )

Depressing key F1 allows the user to repeat the program and select a dif-
ferent channel. Depressing key F4 stops execution of the program.

2.4.4.2 "SETUP" - To run this program, the number of switches and the switch
numbers are typed in on the console keyboard. Lines 80 to 130 perform the
function of obtaining the switches to be turned on. Lines 140 to 270 perform a
calculation to obtain an integer that must be written into memory locations ECFE

2-83
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and ECFF to activate the desired switches. The table below describes the bit pattern
for these two memory locations and the switches that are activated by each bit.

ECFF ECFE MEMORY LOCATION
7664321 0 76643210 BIT
16 15 14 13 12 11 10 9 8765423 21 SWITCH CONTROLLED

R81.0639-050W

By writing a one into a bit location, the switch is activated. Writing a zero turns ]
off the switch.

TR oA

Depressing key F1 allows the user to rerun the program and depressing
key F4 terminates the program,

TTTRRpERTTEE T R m e e e

2.4.4.3 "DEMO" - "DEMO" was written to monitor and control the system to the
] profile presented in Figure 2-44. A typical printout obtained from running the
program is presented in Table 2-19. The program consists of several sections

[ as shown in Figure 2-45. Initially, the stabilization portion of the program is

, run, lines 120 to 230. Here, the start time is input and the program determines
the required temperature for the time point. Chamber switches are then acti-
vated to bring the chamber temperature to within acceptable tolerances of the
required value. Once the temperature is acceptable, the stabilization portion of
p the program is complete.

The next phase of the program monitors and controls the various test pro-
files. Lines 250 and 450 are dedicated to start and contral of the time interval.
. The microprocessor clock is programmed to run on a one-half second time inter-

val. Every 15 seconds, 30 one-half second counts, monitoring and control func-
tions are performed. A subroutine located at lines 760 to 1000 accepts the tem-

perature and vibration inputs and calculates the required values. The measured
and required values are compared and, if out of tolerance conditions exist, warn-
ings are output. This procecdure is performed in lines 470 to 680. This portion ‘
of the program also checks for excessive out of tolerance conditions and shuts
the system down if these conditions are detected, lines 710 to 750. Excessive out
of tolerance conditions exist if the temperature is at or in excess of 93°C, or

-73°C or less, or if the acceleration is 4-g rms or greater.
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MICROPROCESSOR
A-D & D-A MODULES

TR g e e s v g e

MICROPROCESSOR
SOLID-STATE
RELAYS

T -

a

ELECTRODYNAMIC
EXCITER &

TEST ARTICLE
SUPPORT INTERFACE
CABLES

CHAMBER
INTERFACE

/ CABLE

R81-0639-072W

Fig. 2-35 Microprocessor Components in Multiplex Console
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MICROPROCESSOR TAPE DECK -

Fig. 2-36 Microprocessor Tape Deck in Multiplex Console ;
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Table 2-13 Program Names and Function:

-

T e

NAME FUNCTION
; CALIBRATE USED TO CALIBRATE OR ADJUST TEMPERA TURE AND VI3RATION
; READOUTS.
:
: SETUP ACTIVATES THERMAL CHAMBER, VIBRATION SHAXER AND TEST
! ARTICLE SWITCHES,
’ DEMO CONTROLS AND MONITORS THE SYSTEM TO FOLLOW DEMONSTRATION
; PROFILE.
TROUBLESHOOT USED 7O SOLVE PROBLEMS THAT ARISE DURING CONTROL AND MONI-
\ TORING OF THE TEST PROFILES.
¥
| RELDEM CONTROLS AND MONITCRS THE SYSTEM TO FOLLOW EIGHT HOUR
!. PROFILE.
] Table 2-14 Reserved Memory Locations*
E TIMER EF20, EF21, EF26
’ . THERMOCOUPLE AND ED11, ED?2, ED13
VIBRAT!ON INPUTS
SWITCHES ECFE, ECFF {
*VALUES ARE LISTED USING HEXADECIMAL !
NOTATION '

R81.0639-048W
!
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¥

START
[INTERRUPT) KEY F1'
HIT

INPUT

CHANNEL
T0

CHECK

TEMP. READ DISPLAY Béﬁﬁ;
CHANNEL TEMP. TEMP LOOP

R81-0639-010W

WET YES READ DISPLAY DELAY
BULB WET BULB WET BULB USING
CHANNEL TEMP, TEMP, LoOP
—
..... 1
___.__._JL____._,
Y
> READ DISPLAY 8::;“"6
ACCEL ACCEL LOOP

Fig. 2-37 CALIBRATE Flowchart
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Table 2-15 Frogram CALIBRATE

—rn

een1e
2ud2a

NARL )= D
OOE 200

OIS OITODIEOODIDW
PSS TNT IS TIVI SN N TS TN 1F Ll admd bt antaub e

0 QTR P DO OO
TOOPOPVRLGOOOOH

Cos

GO TRIEEORDEORTDC)
[INTN I LIS IV ]

e

=
>
[ AR XN N

-

0~

(2}
ORI

aaz?
er3gQ
00390
30400

1

R Bl & $£0.2

'INPUT CHANNEL TO BE CALIBRATED 0.1, OR 8"
CHANNEL

ANNEL >@ THENM 160

8

1=$9 THEN 1180
09

=

e MO D

mMOTI—~MZOZLZZ
-

B
T cnns<27>. CHR$(69)
é 3}%5 DRY BULB TENPERATURE 1S °;TEMP

VUV D~
o200

0 80
TﬂﬂNEL)l THEN 238
l-ttoTHEN 200

VUV D sl
OWHBMO N> NO

NT CHR$(27>; CHR$(69
ET BULB TE"PERRTURE IS " TEWP

"
- ~SCZIT 4DV
O=V r~OMD—4—4

=$8 THEN 280
£9

(61732767 >180
CHR$(27>; CHR$(69)
;ggE ACCELERATION LEVEL IS ";VOLT

258
1 70 70

OV VTV DLY
QOOO?’NOO“!”O
] D—’QO -
N

R
EEIaT *WE HAVE A HOLD*
GO _TO 30

RETURN
stoP
RETURN

i

- 42 |

R81-0639-052w
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Py ey g e e e

KEY F4
F START ok
3
E {INTERRUPT)
] KEY F1t
HT umeznupﬂ

INPUT

SWITCHES SWITCHES RESET ;
3 TO BE FOR "DEMO"

ON PROGRAM

[

READY
FOR TEST
START

WAIT FOR
KEY F1 OR
F4 HIT

R81-0639-009W

Fig. 2-38 SETUP Flowchart
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' Tabie 2-16 Program SETUP
02019 ON KEY 1 THEN GOSUB 89
Qoo ON KEY 4 THEN GOSUB 340
_ Q3930 DIM AC16),B¢16)
{ Qa3  INTEGER C ADDR $ECFE
{ Q90%Q  INTEGER Y
1 Jouel  GUIUB 88
daarve GO TO 70
20038 PRINT "INPUT THE MUMBER OF SWITCHES TO BE TURNED ON*
{ 29098 INPUT N
3 82108 PRINT “INPUT THE SWITCHES YOU MANT ON*
d011@ FOR I=! TO N
08128  INPUT ACID
02138 NEXT I
390148 FOR J=1 TO 16
80150 B(.1)=)
DA€ NEXT J
20170 FOR K=1 70 16
Q2130 FOR I=! TO N
20190 1F BC(K)=AC1) THEN 220
: Q@288 NEXT 1 -
k ' en210 B(K)=@
. 982280 HEXT K
PR230 Y=0
va248 FOR I=1 YO 16
4 oRz2Se IF B(1)=@ THEN 270
§ QR26R  Yav+24(I-1)
20278 NEXT 1
90283 PRINT Y
@G35  PRINT “SWITCHES SET"
QIIN0 PRINT "PUSH KEY F1 TO RESET"
d0710 PRINT "PUSH KEY F4 TO TERMINATE SETUP PROGRANM"
22320 =Yy
- 28332  RETURN
20348 Y=$29
BA3ISe  C=Y
2380 PRINT CHRS$(27); CHRS$C(66);"SWITCHES CONFIGURED FOR START OF TEST"
ARITE  FRINT CHP$(27); CHR$(66);
ADI8D STOP
AAz90 RETUR
20408 END

I R&1.0638-0¢ W

Y T t,v_ -
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C—

- 4% v

T T 3

STARY

READ TEMP,
WET BULB, ACCEL

DISPLAY
REQ'D AND
N EAS TEMP

YES

LOW

ADLD
HEAT

NO

ADD

T

S S

DELAY
LOOP

COOULING

R81-0639-004W

Fig. 2-39 DEMO Flowchart: Stabilization Routine
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- A e e S -
s - g b

P SET
: SWITCHES
AND START
cLOCK

/

15
SECONDS
ue

P (INTERRUPT) — — — — 7

CLOCK STOP sTOP |
SWITCHES OFF l

g e

CYCLE
COMPLETE

F i NO L. MANUAL SHUTDOWN OR END OF PROFILE
f r

{

i READ TEMP,

¢ WET BULSB,

] ! ACCEL VALUES

b

/l-)lSPLAY

VALUES

ANY
VALUE OUT
OF TOL

DISPLAY
WARNING

ANY
VALUE > YES N STOP CLOCK
EXCESSIVE I SWITCHF 1 ¢

EMERGENCY
SHUTOOWN

H.R'BI-OGSPOOSW

Fig. 240 DEMO Flowchart: Profile Monitor and Control
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A
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E,
b
'
: ADD OR
REDUCE HEAT
AS REQ'D.
i i
: WET ADD OR i
‘ BULS LOV REDUCE :
OR HIGH HUMIDITY :
AS REQ'D.
9
A
-
R81-0637-006W

Fig. 241 DEMO Fiowchart: Profile Monitor and Control {Cont.)
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: . KEY F1 HIT . KEY F1 HIT
1,3,5-- TIMES 2,4,8 --- TIMES

[
;.
t
b RETURN TO
g HOLD TIME PROFILE
OF TEST MONITOR AND
CONTROL

| HOLD CONDITION

START OFF
COUNTING
TIME INTO
HOLD

- B arm———— e -

) MAINTAIN
T.Ws, ACCEL
CONSTANT

R (e, Sy ———— -

E
] HOLD CONDITION
ON

e

*IF KEY F11S HIT ONE TIME, HOLD COND!TION IS ON. HITTING F1 A SECOND TIME TURNS HOLD CONDITION OFF. o
THIS COND!TION REPEATS SO THAT, IF F1 HAS BEEN HIT AN ODD NUMBER OF TIMES FROM THE START OF THE 1
PROGRAM, THE HOLD CONDITION IS ON; AN EVEN NUMBER OF TIMES PUTS HOLD CONDITION OFF,

R81-0639-007W E
{

Fig. 2-42 DEMO Flowchart: Hold Poutine
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Tabie 2-17 Program DEMO

20018
a0 2a
gaeIe
20940
adate
22

~
Donl
=
doa SO )

£ Gl

[arTo~Tom Bom T o A L L feX D
SO0 DID
—— s e &3

DOIVINOOIDD

OO
SOEDORD
[0 0] st 9 1t 4=t ote i g
NIr= GO~

DO POOOOO

"D G = JIVIN Fa ) Foseme s D B9
o

[ LPS L43 LpY LX)

ﬁ@r WB
R81-0639-054(1,/2)W

-

EAD e Do OIr—e D
szb-‘z - ZTZTXZ

OLD
PRINT “INPUT TIME IN MINUTES®
INPUT TINME
TIME=4XTINE

I D OMICI VN Z Nmameres TG

Do Ve T

¥ 1 THEN GOSUS 1138
E THEN GOSUB

1220
Hl;C:Esg?R SECFE.TIHE TIK,S,HOLD, HOLD.TIME, ABT
ADUR $ED12

)
T2, T T3, T_T4,MB_T1,WB.T2

UB 768

INT “TEWP=";TEWP, “TENP REQD.=";T_R
TENP)=T_R+T_T1_AND TEHP(-T-ROT T2 THEN 230
TENPCT_ReT.T1 THEN SWITCH=$8228

% P)¥5R;;§T2 THEN SHITCH=$9220

N
s
[

z-«:-co:oomo'n'n'n;vg

ZMMNCZ -4 =4

=8

T0 420
=TIK+$1

F=CR2SR

E%;TIHERB

TIKCSLE THEN 370

TINE+&1

ME=$B4 THEN GOSUB 1220
760

LD=$0 THEN 550 )
CHR$C27; CHRSCS6); “SYSTEN

T IN HO
T 7HOLD AT _ °;HOLD_TIME/4;" MINS
; *HOLDING FOR *;TIME/4;° MNINS®
0
T

Lo - PUSH F1 TO RESUME YEST*

52%?8(27); CHR$C 66 ); j
“TIME="; TINE- 4

1

T "PRRAMETER", "MERS . °, "REQUIRED"

NT "RLCEL". ACCEL, A_R

NT "WET BULB*,WET.BULB,NB..R

u} “TEHP” TEMP, T_R

ACCEL>= 9¥A_R AND ACCEL(=1.1%A_R THEN 648

NT_CHR$(?), *ACCEL QUT®

WET_BULB)>=NG_R+WB_T1 AND HET-BULB(-HB ~R+HB_T2 THEN €690
NT CHR$C(7>,"WET BULB OUT"

[P . P TP

~ NN
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Table 2-17 Program DEMO (Coantd)

IF TEMP)=T_R+T_T3 AND TEMP(=T_R+T_T4 THEN 680
PRINT CHRS$(?), *TEMPERATURE OUT®

IF RCCEL)-4 OR TEWMP(=-73 OR TEWP)>=93 THEN 7180
GOSuUB 1818

GO 70 420

SHITCH=$02

201
PR!N; 'EHERGENCY SHUTDOWN AT TIME=";TIME/4;" MINS.®

I

I Co D
VIR Tag]

=33~ A md =~y

2 OO DD T
VR E> NI > 7D

[~
COODE®D
POOOOCTDLDCG

-4

e
00778 IF A1=$8 THEN 790
09780 GO TG ?77@
00790 TEMP=Bl/64

Al=$1

08310 IF ﬁ1=$1 THEN 830
GO _T0 810

90239 HET-gULB=81/64

AnzSe  IF ﬁ1=$8 THEN 870

203cd  GU e
HCZEL (B1-32767)>x80%C . 1)

HET=TINE

IF HOLD=$1 THEN TIME=HOLO_TIME

FOR_K=1 T0O 8

§2x¥IHE>=Q(K.1) AND TIMECACK+1,1) THEN M=K

§= En g;t(TXHE/Q)ﬁﬂ(H'C)

ME>=@ AND TIMEC20 THEN WB_R=39

ME>=20 AND TIMEC48 THEN WB_R=1_ 143%C(TIME/4)+24 285

ME>=48 AND TIMEC16@ THEN WB_R=38

HF)SIGO THEN WB_R=(-.6)8(TINE/4)+62

e e i 2t . e, et = et s = e

I.

Do DAL Tt T n ]
A AN
L D LD 3000

x

Ol D

~1i
o0 DMmD DD DD

LR
[}

2 515D
[ux Lo
£

o]
Pl
preq)
o
[

[ g

P

O
e o = ||
=t 0t 0t et D T

~
w
0
o

-

s et s St gt e (D) (D (D DD B DO ED D

N $aio] PO+ SO

Lo Tk
—-ZD
”

DODO
11—-:>:o-o—----r-:b—4

oMM
0 —-X
- InCm
--r-o-c:u ]

ME
LU=$%0TNEN TIME=HOLD.TINE
H!)=Q(LK;1) AND TIMECACLK+1,1) THEN S=B(LK)

HP(T R+T_T1 THEN S=S5+82
MPYT_R4T_T2 THEN S=S+84
T.BULB(WB_.R+1 THEN S=S+$18
BULB>WB_R+S THEN S=S+$20000

>
——

= DTV S Wi NI rs DD
mm
'—

-~

[ = Ll
x

O—- O—--HO
Y

)
118@
F - RESUME TEST"

OV DIDIDODIROTD
=TT MMM TIMN

=
ZMIXOCM-HAEE

—S DN T HOMmm
Il"'I ZDI—(
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OR ACCEL)

DISPLAY
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ANY
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ouT

TURN ON HEAT
COOLING, HUMID
AS REQ'D.

NO

R81-0639-008W

KEY F4
HiT

(INTERRUPT) i

STOP CLOCK
SWITCHES OFF

STOP

STOP CLOCK
AND SWITCHES
OFF

EMERGENCY
SHUTDOWN

sToP

Fig. 243 TROUBLESHOOT Flowchart
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Table 218 Program TROUBLESHOOT

\ 00213 ON KEY 1 THEN GOSUB 940
Q0222 ON KEY 4 THEN GOSUB 1000
20370 INTEGER SWITCH ADOR $ECFE, TIME.TIK,S,T.H.V.TR
aeadd  BYTE Al ADDOR $ED11
00LSY  INTEGER B1_ADDR $ED12
' P00 READ T_T1,7_T2,T_T3.T_T4.WB_T1,WB_T2
: QALT@  SWITCH=$@221
20080 PRINT
28032 PRINT "DO YOU WANT TEMP? (YES=1, NO=@)"
20108 INPUT T
00118 IF T=$0 THEN 140
92120 PRINT "WHAT TEMPERATURE VALUE? - IN DEGREES CENTIGRADE"
e813@ INPUT T_R
| 20140 PRINT "D0 YOU MANT VIBRATION? (YES=1, NO=@)® F
| 32150 INPUT U ]
t 20160 IF U=$0 THEN 19@
20170 PRINT °WHAT G LEVEL?"
! 0188 INPUT A_R
20190 PRINT *DO YOU WANT HUMIDITY? (YES=1, NO=9)"
i 23220 INPUT M i
g @0Z10 IF H=$@ THEN 240 :
| ggggg ? ; ;guar NET BULB TEWPERATURE? - IN DEGREES CENTIGRADE®
1 00240 PRINT *DO YOU WANT THE TEST ARTICLE POMER ON? (YES=1, NO=9)*
i 00259 INPUT TA
| 00355 TIMEx$0
00250 PRINT CHRS$(17);*START TROUBLE-SHOOTING®: CHR$(?)
; 00265 GOSUB 640
{ AQZEy  GOSUB 7
: @279 BYTE CR13 ADDR JEF20
#3250 BY(TE CR2SR ADDR $EF
QU33a  INTEGER TIMER3 AODDR $EF26
ax3Ge  ON NMI THEN GOSUB 400
: 03310 CR2SR=$1
03330 CR13=$1
00332 CR2SR=$9
33340 CR13=$43
99353 CR2SR=$1]
09360 TIMER3I=$F423
, 29378 CR13=%0
i . TIK=$0
. 30 GO TO 440 ;
] TIK=TIK+$} i
; $R2P=CR25R
. INE4=TINER3 :
k RETURN
, IF TIK($1E THEN 390 '
TIK=$0
TIME=TIME+$1
GOSUB 640 ,
PRINT "—c=cccacmccaccmccccoccscamccocannnrceceen= . :
PRINT "TIME=";TIME/4;" HINUTES® ;
IF T=$@ THEN S1i
PRINT "ACTUAL TEMP= *;TEMP;" REQ'D TEMP= *;T.R .
1F TEMP)>=Y_R+T_T3 AND TEMP(=T_R+T_T4 THEN 510 ;
PRINT CHR$(7); "TENP OUT® !
17 K=$d THEN 530
FF{NT "wiTUAL WET BULB TEMP= ";WET_BULB:" FEQ'D WET °ULE TEMP= * .
1T WET_BULE:=WEB_R+WB_T1 AND WET_BULB(=WB_R+WB_T2 THEN 530 :
£2 IHT THEEC7); "WET BULB OUT® !
1€ U=§d THEN 555
FEINT "UIBRATION LEVEL 1S “;ACCEL;* REQ'D LEVEL IS ";A_R
IF ACCEL»= 3%A_R AND ACCEL<=1.13A_R THEN 5%3
; FRINT CHR$(?); "ACCEL OUT*
. RB81-0639-055(1/2)W
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Tabdle 2-18 Program TROUBLESHOOT (Contd!

1F ﬁCCFL\-4 THEN 599

IF T=§4 THEN 570

IF TEMF! =-’3 OR TENF >=93 THEN 590
GOSUR 795

G0 TO 44,

SHITCH=g Y221

PRINT "FEMERGENCY SHUTCOWN:"

: ZSR:gG

J

o e———— s e

[4

Jnle
O e

THEN 690
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g e
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THEN_830
(T-R+T_T1 THEN S=5+$2
PT.R+T_T2 THEN S=S+$4
THEN 860

T_BULBSWB_R+1 THL.. $=S+410
T.BULB>WB_R+5 THEN $=5+$2000
V=88 THEN 900

A_R>=1 AND A_R(=2 THEN S=S+$0100
A_R>2 AND A_R(=3 THEN S=S+$0900
A_R>3 THEN S=5+$1100

TA=$9 THEN 920

s+sco

}N *TEST nRTICLE POMER IS ON.*
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@105@ DATA -1.1,-2.2,2.2,0,18
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TOLERANCES
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® TEMPERATURE ¢t 2.2°
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-0
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./ .

WET BUL3 TEMPERATURE, °C
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VR
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2.34 234

P ————
1.17| 117
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Fig. 244 Demonstration of Microprocessor Tape System
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Table 2-19 Microprocessor Control System Printout

...................................... )
Tivg=17 =
FrfrpteTEe MERS . REQUIRED
Wi LEL 2. 2007%876 2. 94
WET OBULE 42 79687S I8
TEUE €9 328125 71
“me=1z7s
FuPGMETER MEAS. REQUIRED
RCCEL 2.32892849 2.34
WET BULE 42 .78129% 38
TENF 69 .82812S% 71
TIME=14
FASAMETER MEAS. REQUIRED
ROCEL 2.28792679 2.34
LET BULE 42 . 984379 38
TEME 69.74712% 4l
RBI-0639.051W o TTTTTTTTEoTEeTEeT
O‘ {HOLD
STABILIZE AT
TEMPERATURE
> EMERGENCY
SHUTDOWN
[ 7
MANUAL
o™ y
R81.0639-011W

Fig. 2-45 Microprocessor Demonstration Program
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Once readings have been taken and displayed, control of the program is
transferred to a switching subroutine, lines 1020 to 1120. In the subroutine,
decisions un activatinz switches are made based on the profile time and ont of

tolerance conditions.

Depressing key F4 transfers control to a subroutine which stops the clock
E and terminates the program, lines 1220 to 1250,

: Depressing key F1 puts the program on the hold condition by transferring
control to a subroutine at lines 1130 to 1210. The hald condition halts the time
of the test. Temperature and vibration levels are held constant to the values
required prior to entering the hold condition. While in the hold condition, the

' monitor and control portion of the program is repeated. However, all calculated

‘ parameters are based on the constant time point when the hold condition was
i initiated.
* Depressing key F1 again terminates the hold condition. The program

K resumes monitoring and controlling the test profile.

Lines 1270 through 1310 are data statementis that define the temperature

tolerances and test profiles. Tolerances are given in line 1270 as follows:
e *1°C will initiate chamber heating or cooling
1 e +2,2°C will issue u dry bulb temperature out of tolcrance warning

o -0°, +10°C will issue a wet bulb temperature out of tolerance warning.

Lines 1280 to 1300 are values that define the accelerometer and temperature
profile. These are input as a 4-calumn matrix that represents straight line seg-
ments of the profiles. The first column lists the starting times of each segment.

The second column is the required acceleration level, and columns 3 and 4 are
the slope and intercept of the dry bulb temperature. Line 1310 lists ;
hexadecimal constants which, when read into memory, activate various switches

at the times prescribed in column 1 of the matrix. Each time point given }
represents the number of 15-second intervals.

Humidity control is provided in lines 1080 and 1090. A wet bulb temperature
reading less than the required value plus 1°C activates the chanber humidifier.
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A reading greater than the required value plus 5°C activates the dehumidifier.
Acceleration out of tolerance conditions occur for a t10% deviation in rms g level,
line 620.

2.4.4.4 "TROUBLESHOOT" - The TROUBLESHOOT program permits the user to
monitor and control four parameters in any sequence. The parameters are dry

bulb temperature, wet bulb temperature, acceleration and test article activation.

: The program differs from DEMO since no profile is monitored or controlled. The
; : program will monitor and control wet bulb or dry bulb temperature to a constant
value input by the operator. It will maintain vibration to any of three prescribed

e r— -

values: 1.17, 2,34 or 3.31 g rms, Table 2-20 lists the various segments of the
program by line number and the function each performs. Depressing key F1 re-
starts the program and depressing key F4 terminates the program,

2.4.4.5 "RELDEM" - The DEMO program was written to moniior and control the
test facility for a cycle of 45 minutes duration. If was modified to monitor and
control the facility for an eight-hour cycle. The modified program was named
RELDEM, and the acceleration and thermal profiles written into the program are

bt s ke

presented in Figure 2-2. A listing of the program is presented in Table 2-21.
The flowchart for DEMO can be used to follow the program logic for RELDEM.

Although RELDEM and DEMO are similar, changes were incorporated to re-
i flect the different test profiles. These changes are as follows:

| . e Data statements, lines 1280 to 1380, have been modified to represent the
new profiles.

e Times have been modified to account for an eight-hour cycle time, line
450.

e Additional statements have been added to monitor and control the
humidity over a small portion of the test cycle. (DEMO measured and
controlled humidity during the entire 45-minute cycle.) These changes

' were incorporated in lines 585, 635, 795, 945 and 1075,

2.4.4.6 Random Noise Programming - The random noise spectrum required for

the reliability demonstration test is shown in Figure 2-1. Using the temperature-
compensated sine transfer characteristics measured for the system (see Para.
2,.3.4), and measured tape recorder characteristics (see Para. 2.4.2), a
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Table 2-20 TROUBLESHOOT Program Sugments

LINE NUMBERS

FUNCTION

90 -250

270 - 460

480 - 560
590 - 630
640 - 790

7956 - 930

R81-0639-049W

INPUT PARAMETERS DESIRED AND TO WHAT VALUE THEY SHOULD
BE HELD.

START THE MICROPROCESSCR CLOCK. AS IN DEMO THE CLOCK WORKS
ON A ONE HALF SECOND INTERRUPT. SIXTY COUNTS OF THE INTER-
RUPT YIELDS A PRINTOUT EVERY 15 SECONDS.

PROVIDES PRINTOUT AND CHECK FOR OUT OF TOLERANCE CONDITIONS,

EMERGENCY SHUTDOWN PROCEDURE AS IN DEMO.
TEMPERATURE AND ACCELERATIONS ARE READ IN.

SWITCHES ARE ACTIVATED TO CONTROL THE VALUES AS REQUIRED.
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Table 2-21 Program RELDEM

; 9921 IN KEY 1 THEN GOSUB 1130
' dedcd 0N KEY 4 THEN GOSUB 1220
438 INTEGER SWITCH ADOR $ECFE.TINE,TIK,S,HOLD_TIME,ABT
| BRE4s  EYTE Al ADDR $EDI1)
i a8u%3  INTEGER Bi ADDR $ED12
: geasi DIM AC23.4)
: anora  INTEGER B(18,2)
‘ 20320 READ T.T1,T_T2,T_T3.T_T4,NB_T{,NB_T2
a @338 MAT READ A
¥ 80180 MAT READ B
: Raile  HOLD=$@
) 30128 PRINT “INPUT TIME IN MINUTES®
ﬁ 92130 INFUT TIME
! 53140 TIME=4XTINE
30158 GOSUB 760
! 49158 PRINT “TEMP=";TEWP,"TEMP REQD.=";T_R
89179 IF TEMP>=T_R4T_T1 AND TEMP(=T_R+T_T2 THEN 230
0@1286 IF TEMP(T_R+T._T1 THEN SNITCH=$22
021239 IF TEMP>T_R+T_T2 THEN SHITCH=$2S
PAZR@ FOR I=1 TO 209 ;
32219 NEXT 1 :
‘ Aazze GO TO 150
3 202308 PRINT CHR$C17),“START", CHRS$(?) :
auzdn  GOSUB 1010 4
ARz58 BYTE CR13 ADOR $EF2
BR2eD BYTE CR2SR ADDR $EF21
@0c?8  INTEGER TIMER3 ADOR $EF26 ,
00230 ON HMI THEN GOSUB 3se ‘
’ @rz33  LRZIR=%1 )
| BrInd  LR13=$1 1
' PIT18 CR2SR=$0
D3724  CR13=2$42 ;
Ba238  [R2SR=$1
Q7% TIMERI=$F423
BAI50 CR13=$0
ARIEA  TIK=$40 !
29370 GO TO 420 !
P3330  TIK=TIK+$1 :
#0232 CR2P=CR2SR i
20440  TIME4=TIMER3 {
28410 RETURN ?
04268 IF TIKCK$1E THEN 379 i
83430 TIK=$0
40446 TIME=TIME+$1
48450 IF TIME=$0780 THEN GOSUB 1220
an4e0  GOSUB 7 !
80476 PRINT i
20428 PRINT ®-eemoc—cuaa Smmmmreescemcac——— ~em————— ® !
634%3  IF HOLD=#@ THEN 550 1
Qp7e6  PRINT CHR$C27); CHR$(66);"SYSTEM IN HOLD - PUSM F1 YO RESUME TEST* ;
99310 PRINT "HOLD AT  “;HOLD_TIME/4;* MINS® {
@328 PRINT “HOLDING FOR  “;TIME/4,* MINS® |
68520 PRINT CHR$C27); CHR$(66); _ -
20540 GO TO 560
eRsSa  PRINT "TIME=*;TIME/4 ‘
90SEd  FRINT :
R81-0639-063(1/3WwW 3
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Table 2-21 Program RELDEM (Contd)

P

PASTH  PRINT “PARAMETER®, "MEAS. ", *REQUIRED"
' 6¢530  PRINT "ACCEL" . ACCEL,A_R
99%iS  IF TIME<$8398 OR rxn£>so4ao THEN 690
30554 PRINT "WET BULB",NET.BULB, WB_R
; Q0cdd  PRINT "TEMP™,TEMP, T_R
; DEELG  PRINT
; UAEZ2  1F ACCEL)= 9%A_R AND ACCEL<=1.1¥A_R THEN 649
! b2c38  PRINT CHR$(?), "ACCEL OUT®
g 98633 IF TINECSO390 OR TIMEX$0488 THEN €69
; 00542 IF WET BULBSMB_R+WB.T1 AND WET_BULBC(=MB_R+WB.T2 THEN 66@
! 23659 PRINT CHR$C7), *WET BULB ouT”
5 BREED  IF TEMP)=T_R+T_T3 AND TEMPS=T_R+T_T4 THEN 680

a0é79 PRINT CHR$C7), TEMPERATURE OUT®

% 06809 IF ACCEL)>=4 OR TEMP(=-7?3 OR TEWMP)>=93 THEN 710
: 93699 EgS?B zggﬂ

0
w0718 SWITCH=$02081
20720 PRINT "EMERGENCY SHUTDOWN AT TIME=";TINE/4;" NINS.®
8a730 CRZSR =48
38742 CR13=$0
arse  sSTOP
39762 Al=30
a IF 01380 THEN 790
9 GO TO 770
3 TENP=B1-64
g If I{HE(COB?B OR TIME>$04BO THEN 840
9
5}

D

IF A1=8%1 THEN 830

, R TO 81@ :
: LET_BULB=B1/64
H1=$3
IF H1=$8 THEN 870
50 TO 838
ACCEL=(B1/32767)%80%( . 1)
HBT=TIME
IF HGLD=$1 THEN TIME=HOLD.TINME
FOR K=1 TQ 22
aEx¥1:E>=Q(K »1) AND TIMECACK+1,1) THEN M=K
T- R=R(H.3)xfTIHE/4)+R(H.4)
.. R_R=A(N,2)
¥ IF TIMEC($8398 OR _TIME)>$04B0 THEN 998
IF TIME>320 AND TIMEC<968 THEN WB_R=3.8%(TINME/4)-874
IF TIME>=960 THEN WB_R=38
4 IF TIME>=48 AND TIME<160 THEN WB_R=38
0938 IF TIME>=160 THEN WB_R=(-.6)X(TINE/4)+62
9358 TIME=RABT 3
v1@8a RETURN ;
01819 @BT=TINHE .
Q1929 IF HOLD=$1 THEN TIME=HOLO_TIME .
21039 FOR LK=1 T0 17
31040 IF TIME>=B(LK,1) AND TIMECB(LK+1,1)> THEN M=LK !
212858  HNEXT LK '
01055 S=B(M,2) .
Q1@  IF TEMP{T_R+T_T1 THEN S=S+8$2
81078 IF TEMP>T_R+T_T2 THEN S=S+$4
R81.0639-063(2/)W
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synthetic random noise spectrum was calculated for the required tast spectrum,
The calculations and recording meihod used are essentialiy the same as for the
Multiplex system as described in Para. 2.3.4.

However, because the microprocessor was programmed to switch the test
levels (see para. 2.4.4), the synthetic random voltage was recorded at a single
test level on the tape cartridge. Figure 2-46 shows a spectrum analysis of the

synthetic random voltage recorded on the tape.

2.4.5 System Operation

Since the microprocessor system became operational in the second phase of
the program, most of the test runs were made using the short demonstration
tape. This facilitated program debugging while exercising all program functions.
While the preceding section discussed mainly the software, this section will ex-
plain how the software programs were set up and run in the laboratory, problems
that were found, and corrections that were made in the test programs.

2.4.5.1 System Setup - The initial step in operating the system is to turn on
the power to the computer, exciter system, and temperature chamber. At turn-
or, however, the microprocessor turns on the control relays in a random fashion.
This can activate the chamber heater or cooler and cause an uncontrolled temper-
ature change. To preclude this potential problem, the first step before turn-on
of the temperature chamber must be to initialize the status of all conirol relays
to zero (OFF). This is accomplished by typing two instructions into the terminal

as specified in the procedure (App. B)
is inserted into the left disk drive of the microprocessor as shown in Figure 2-47.

The first program that is loaded into the computer is the CALIBRATE pro-
gram. This is used to apply calibration voltages to the three input data channels
and verify linearity and correct readout in the display. As pointed out in the
previous section, the acceleration channel must be calibrated with a random
noise source using a true-RMS meter as a reference. This can be accomplished
by running the tape through the shaker system and adjusting the gain pot on
the A-D board for the accelerometer channel so that the CRT display reads the
same as the true-RMS meter. The existing calibration program requires man-
ually setting the control relays for vibration by typing enable codes into the

switch addresses.
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At the conclusion of the "calibrate" mode, the SETUP program is loaded in
the microprocessor. This program is used tuv set the shaker level to the required
0 dB level (3.31 G rms) with the vibration control relay set for 0 dB. With the
tape recorder running and the control relays set by the program (relay 6, 9 anad
. 13 set to ON), shaker gain is adjusted until the required 0 dB level 3.13 G rms)
E is read on the true-RMS meter.

The data readings were checked against calibrated sources and no signifi-
cant discrepancies were found. Linearity was good over the range of the test.
It is, however, recommended that the CALIBRATE and SETUP programs be
merged into one so that the accelerometer channel can be calibrated at the same

e

time that the shaker gain is set.

2.4.5.2 Running Reliability Demonstration Programs - During the initial test

T T T g o

runs with the reliability demonstration program, it was found that the tempera-
ture of the chamber cycled excessively around the reference level. The initial
b program called for the temperature to be sampled once a minute, compared to
the reference, and control action taken (heater or cooler turned on). The con-
trol cycle was changed to 20 seconds and then to 15 seconds. The 15 second
control cycle provided excellent temperature control without excessive cycling
or overshoot during transition. (The time of the control cycle is a function of

the chamber characteristics and must be optimized for each test chamber.)

P : Another problem encountered during initial test runs were with ranaom
electrical transients (picked up by the thermocouple or accelerometer lines) from
shutting down the test due to over-temperature or over-acceleration test abort
limits. The program was therefore modified to require the average of two con-
secutive readings exceeding the abort limit to cause shutdown. This cured the

transient shutdown problem but still provided system safety since an abrupt
major change in test levels is improbable. Gradual changes will cause alarm
signals denoting a test tolerance has been exceeded, to alert the test operator i
well in advance of emergency shutdown. ‘

Also with regard to emergency shutdown, mention should be made of some

g of the unique characteristics of the random vibretion tape deck. One feature of
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the "endless loop" cartridge is that, in every 12-minute cycle, it has two breaks
in the random signal of about 1-second duration. The first at the tape splice
forming the loop, and the second where the recording of the synthetic random
voltage was terminated. This results in a momentary vibration interruption to
;E the test article, indicated by a slight drop in the acceleration level. These short-
| duration interruptions, while audibly detectable, do not affect the computer pro-

_gram or test integrity.

The more important feature with regard to emergency shutdown of the
vibration system is the use of the second tape channel to record the control
i accelerometer. As described previously, the left channel of the tape deck is
; in the playback mode and supplies the random signal to drive the exciter. The

right channel of the tape deck is in the record mode and is used to record the g
contr . accelerometer. Because of the 12-minute duration of the loop, the right
channel is continuously erasing old data and recording new data., Thus it always
; ¢ . 1 recording of the last 12 minutes of the test. When an emergency dump of
t.. - xciter system occurs due to an over-test condition, the tape deck drive will
be  ted immediately. The right channel contains an acceleration time history
of the last 12 minutes of the test. This can be analyzed to determine the
spectr o changes causing the shutdown.

e

1 The right channel data can also be used for periodic playback of the contral
accelerometer for spectrum verification. Figure 2-48 shows a typical spectrum
verification made by playing the right channel tape through the H/P 5427A
spectrum analyzer. The plot shows a gradual drop in the test level below 70 Hz,
b - that is due to the frequency characteristics of the tape deck which have not been
compensated for during playback. If we again play the tape back through the

H/P 5427A spectrum analyzer with the characteristics of the tape deck included

in the tolerance envelope, we get the plot of Figure 2-49, which shows the test
spectrum very close to nominal.

Other functions that were run and checked included the hold and stop keys.
Both performed as designed and afforded the test operator complete control tc
halt or terminate the test at any time, and to resume testing from the halt or any !
time in the program with complete timing documentation. A troubleshooting pro-
gram is also available which allows the operator to run the system with any single
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or combination of environments, at test levels which he specifies while he trouble-
shoots the electronic system under test. This program was run and its perfor-
mance verified.

During each test run, spectrum snalyses were made of the control accelero-
‘ meter to verify the test spectrum. All were within tolerance,

See Figure 2-50
for a typical plot.

In addition, the printer supplied, at 15-second intervals, a
printout of required temperatures and acceleration, actual measured values,
{ime in the program, and any tolerance exceedances.

See Table 2-19 for a
portion of a typical printout.

[P

2.4.6 Conclusion and Recommendations

The system performance in controlling a reliability demonstration test was 5

faultless once initiai program bugs were ironed out. Temperature and accelera-

tion levels were maintained within tolerance and time events such as iest article
power turn-on were handled without problems.

Once started, operator attention
‘ is required only for periodic checks.

Out-of-iolerance alarms and emergency

shutdowns all worked automatically without problems, and provide a high degree
of test safety.

With regard to the microprocessor system, problems were encountered with
the use of A~-D and D-A boards added to the system. In particular, the manu-
facturer's literature specified that the A-D board had built-in cold- junction
references for the thermocouple inputs, but the manufecturer's representative

could not get the board to work without Grumman-supplied external cold-junction

IE— S
E————— S

references. As mentioned in previous sections, the use of the manufacturer's

solid state relay board and modules would not be recommended because of their
limitations in audio and low-voltage applications.

The microprocessor itself
r' performed well and the high-level BASIC language is easy to learn and apply
! in programming the system.

. The tape deck also performed flawlessly throughout the program. It should
be noted, however, that use of this deck and the "endless-loop" cartridge to

supply the random vibration is only one approach for a particular test require-
ment, The system would work equally well with the reel-to-reel tape deck of
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the Multiplex system. Use of multiple spectrums or excitation mediums (such as

the cannon firing of the Multiplex demonstration) can also be readily achieved
with this system.
' ‘ In regard to recommendations for future utilization of the system, it should
be pointed out that we have used only a small portion of the capability of the
The computer has full graphics capability

e e

: microprocessor in this program,
f . which can be used to plot test data, program profiles and tolerances. It has

two floppy discs available for data storage. It has extensive mathematic capa-
bility to operate on stored data to compute heating rates, relative humidity,
statistical parameters, etc. In short, it is recommended that programming etfort
be directed to refining the existing program and expanding their application and
usefulness to the full capability of the microprocessor,

Lakan TP —

i
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3 - RECOMMENDATIONS AND CONCLUSIONS

The performance of both the Multiplex and Microprocessor systems was
sbove expectations. To substantiate the reliability of each system, a full eight-

hour cycle was completed, with every function performing as anticipated.

E ' In order to accelerate the operation of each of the various start, control and
. monitor functions, as well as the environmental parameters, several 30-minute
Multipiex and 45-minute Microprocessor demonstration tests were performed. The H

purpose was primarily tco establish the integrity of the system and determine its

- L e R

repeatability. The system requirements were met during all of the above opera-

tions.

g Table 3-1 describes the various features of both the Multiplex and Micro- %
processor systems. Although more expensive, the Microprocessor system has i
greater capability than the Multiplex system. A cost analysis was completed to
determine if the study goal of developing an inexpensive system or systems to

: ' perform Reliability Demonstration testing was reached.

The total cost associated with the Multiplex system is approximately $3500.
This includes the purchase of the reel-to-reel recorder, the components to

assemble the display panel, miscellanecus material, and the labor cost to assemble

the entire system.

S The Microprocessor system cost was approximately $15,000, considerably

more expensive than the Multiplex system. However, it contains essentially un-
limited capability that will reduce expensive manpower and equipment failure

diagnostic costs. The $15,000 figure includes the purchase of the microprocessor
printer, cassette recorder, tapes, A-D converter, 1/0O boards, miscellaneous ;

components and the manpower costs to assemble the system. i

In comparing the major features of each of the systems, the Taped Random
technique to generate the dynamic input requirements is readily adaptable to j

either the reel-to-reel or tape cassette recorders. 1
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Table 3-1 Comparison of Systems

: : FEATURE MULTIPLEX MICROPROCESSOR
: 1
: : o Length of Mission Cycle B8 Hours Max Unlimited
E , } o Length of Rel. Demo. Test Unlimited Unlimited
]
: i o Usable with any Temp. Chamber No - Programmer Yeos
X 5 Required
! ; o Usable with any Electro Shaker Yes Yes
! !
: o Monitors Temperature No * Yes - 2 channels
E o, Controls Temperature No * Yes - 2 channels
g : o Monitors Acceleration Yes Yes
| o Controls Acceleration No No - has capability
] i
: o Tolerance Exceedance Rlarm No Yes
; : o Temperature Overtest Shutdown No Yes J
{ i o Acceleration Overtest Shutdown Yes Yes i
1 i
y ]
i ! o Records Control RAccelerometer No Yes ;3
i | o Records Rcceleration Grms No Yes .
E l o Records Temperature No % Yes =~ 2 channels
3 s o Records Tims Test Log No Yes
| o Hold Capability Yes - Not Vib. Yes
o Positive Synchronization No Yes ;
¢ Tomp - Vib - Time ) i
! ¢
‘ i
.
i ) '
E 4 -~ Environmental Test Chamber performs these functions !
R81-0639-057W ]
j
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With respect to the control/monitor functions, the Multiplex system has
only the capability of controlling the vibration input signal through an accelera-
tion overtest shutdown network designed for safety considerations. None of
the other environments or functions are monitored or controlled other than by
the activation of a start or stop signal initiated through the Multiplex discrimina-
tors. The Microprocessor system not only has the capability to control and moni-
tor each signal, but incorporates a real-time alarm system and printer to docu-
ment the results during the entire Reliability Demonstration test.

One of the major advantages of the Microprocessor is that, since programs
such as CALIBRATE, SETUP, DEMO, TROUBLESHOOT and RELDEM are included
in the study, any potential user of this system who can program in BASIC can
easily modify the program to reflect his Reliability Demonstration Profile. In
order to initiate his test, the only major tasks would be to wire in his chamber
to the computer interface hardware associated test instrumentation and generate

a vibratory input for the tape recorder from his random source or have it genera-

ted utilizing the Taped Random technique.
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MULTIPLEX SYSTEM PROCEDURE
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' Al - INTRODUCTION

The procedure described herein utilized an inexpensive multiplex system to
' perform a Reliability Demonstration test in accordance with MIL-STD-781C.
' Since each Reliability Demonstration test profile is different, this procedure as-
sumes that the desired test profile has been developed and the task at hand is

its implementation.

£ P T gy o e prew T e g

This system comprises a multiplex control and programming unit, and a
reel-to-reel tape recorder with a pre-programmed tape that defines the desired
random test profile, and frequency signals to trigger the desired functions.

The functions include the activation of the environmental parametersi.e., temper-
ature, humidity etc., as well as the signals to trigger the test equipment oper-

Ty iy

ation.

The reel-to-reel recorder must be capable of continuous operation with the
{ capability of defining a reliability test cycle of eight hours or less. Since each
1 - cycle is repeated, the test can be run for as many cycles as required.

3 ; For test article protection from overtest, the Multiplex System incorpo-
rates an acceleration meter and reiay to shut down the electrodynamic exciter
automatically if the pre-programmed level is exceeded. In addition, an alarm
system providing visual and audible warning is included.

This procedure details the equipment requirements, system setup and the

test operations to perform a reliability demonstration test program.

B A-1/-2
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A2 - EQUIPMENT REQUIREMENTS

The equipment required to apply the Multiplex technique to long-term re-
liability demonstration test can be divided into two categories:

(1) Normal Environmental Laboratory Equipment
(2) Special Multiplex Equipment.
Included in the first group would be the:

e Temperature-Humidity Chamber with its associated instrumentation and

controller

e Electrodynamic Shaker System, with a sinusoidal control system and

associated instrumentation.
The above equipment is available in most small laboratories.
The second group of equipment would consist of:

e Taped-Random equipment, including the tape deck and True - RMS

meter.
e Multiplex chassis and tape programmer,
This specialized equipment will have to be purchased and assembled by the lab-

oratory to perform the Reliability Demonstration test.

This section will outline the specific attributes that the test equipment must
have in order to operate successfully with the Multiplex System. The intent was
to include the more widely used type of equipment found in todays test lab. Less

common equipment not specifically described could probably be adapted to this
method using the type of approach applied herein.

A2.,1 ENVIRONMENT TEST CHAMBER

The required characteristics of the test chamber are determined by the

e Ak i e e

test profile specified for the equipment to be tested. The chamber must be

A-3
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capable of operation over the required temperature and humidity range within
the specified test tolerance and with the required transition rates demanded by
the profile. The chamber must Lave an independent temperature/humidity pro-
grammer and controller with a recyclable programmer of sufficient duration to

encompass the profile.

; The most common type of programmed controller that satisfies this require-
ment would be a cam type. In the normal installation, two cams would be used,
one for dry bulb and one for wet bulb temperature. This type of programmer
is ideally suited for use with the Multiplex system. Two areas of caution should
be mentioned with regard to use of the cam programmer, however.

The first concerns the length of the profile cycle. The available gear
ratios used with the cam drive limit the cam cycle usually to even increments

of hours, such as 4, 6, 8, 12, 24 and 48. The prolile cycle must be compat-

ible with the available cam cycles. The second area of concern is also associated
: - with timing, i.e., because of play in the gears, it is difficult to set the starting
point of the cam with exact precision. Therefore, timing errors between the
cam and the . < of 15 to 30 seconds per hour are not uncommon. These errors
will accumulate for at least the duration of the first cycle. Therefore periodic
checks on the synchronization of the cam and the tape program are frequently

e Ty ey

required, and the cam position adjusted manually when necessary.

For humidity testing, the chamber should have solenoid valves for filling
and draining of the water system. This is required when the mission profile re-
quires temperatures below freezing. These valves can be readily installed in a
chamber’: ::c¢. sy< .. .nd an on-off switch for water added to the chambers.

The only other requirement for the chamber is an access entry for the
exciter., A flexible air-tight seal between the exciter head and the chamber
should be installed to : ‘- ize heat loss from the chamber,

A2.2 ELECTRODYNA:.:C EXCITER

An electrodynamic exciter system is required with sufficient force capabil-
ity to drive the test package to the required test level. Sufficient instrumen-
tation and control equipment to perform servo-controlled sinusoidal frequency

e oL L

. /_ e - . e Y e —— —— ————— -

e S e bl Ao, — N -




e

E
E
]
]

Skl aties Tdehintaate. e AR

EERal st o nt munebins el

e W e

o

sweeps is required. The only additional equipment which might be required is

a true RMS meter for accurately measuring the random vibration.

It should, however, be noted that the "G-RMS" meter built into the Multi-
plex system requires a DC signal (proportional to acceleration amplitude) fromn
the accelerometer charge amplifier. If a charge amplifier with a DC output is
not available, an AC meter could be substituted in the Multiplex system.

One additional item of equipment might be required for older exciter sys-
tems. Many of the older systems require a high-level input signal to the power
amplifier (up to 10 VAC). Since normal stereo tape decks only provide about 1
VAC, a preamplifier would be required between the tape deck and the power
amplifier. The preamplifie. used should have a 20 dB gain with a frequency re-
sponse of * 1 dB from 20 to 2000 Hz.

A2.3 TAPE RECORDER

The tape recorder selected to support the Multiplex System could not be a
standard cassette recorder because of the long-term playback requirement.
The use of shutdown and rewinding periods throughout the testing would not
be desireasble. Also, since both channels would very likely be recorded in-
dependently, sound-on-cound recording would be a requirement. Finally, the
frequency response characteristics should be * 3 dB from 20 to 2000 Hz for the
recording of the random vibration spectra in accordance with NAVMAT P-9492,
The reel-to-reel recorder selected should meet these requirements. The use of
sensing tape, and/or counter actuation of the "Auto Repeat" and "Auto Reverse"
should permit the recorder to play back in both directions for an indefinite
period. It also should be capable of recording each chunnel independently, per-
mitting recording of the vibratinn spectra and control signals to be at different
times.

A2,4 MULTIPLEX SYSTEM

The Multiplex System uses prerecorded stereo tapes containing the vibra-
tion spectrum and control signals, esch cn different channels. During play
back of the tape, the control signals are used to provide "on/off" control of a
total of eight test environments or instruments. These signals have te be re-

corded to coincide with the particular mission profile (time versus environment).

A-5
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The system is composed of three interconnected components. :1) A reel-to-reel

stereo tape recorder to be used to both record and play back the mission con-

(2) A tape programmer to provide capability to record the vari-
dio oscillator repeatedly tuned

(3) A Multiplex Mainframe
these signals to an

trol profile.
ous frequencies used as control signals (an au

' and adjusted for level would also be adequate).
to extract the control signals from the tape and converts
"on/off" switch function. The equipment to be centrolled is then wired or ad-

justed so that only non Joff" control is needed. The final step prior to testing
ment to the appropriate terminals on the bar-

Rl e A

T

is the connection of the test equip
rier strip on the rear of the Multiplex Mainframe.
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A3 - SYSTEM SETUP

The setup of the system prior to test operations can be divided into two

sections:

(1) Interfacing the Multiplex System with the environmental test equip-

ment,
(2) Programming the Multiplex tape for the required test profile.

A3.1 SYSTEM INTERFACES

The Multiplex System interfaces electrically with three test items:
(1) Temperature - humidity chamber

(2) Vibration system

(3) Test article support equipment.

A3.1.1 Temperature-Humidity Chamber Interfaces

The Multiplex System is designed to utilize the chamber internal program
controller for maintaining the test temperature-humidity profile. Therefore,
only three chamher functions are controlled by the Multiplex program:

(1) Temperature Air Circulator - which turns on the chamber heat ex-
change blower and serves as a master switch for all heaters and

coolers.

(2) Program Start - which turns on the cam drive motor or other pro-
grammer devices used to control the temperature-time profiles.

(3. Water Supply - fills or drains the chamber humidity water system

The Multiplex control relays are wired in parallel with each of the chamber
switches controlling these functions. During a Multiplex-controlled test these
switches are left open on the chamber, thus shifting control to the Multiplex re-
lays. With the Multiplex System disconnected or relays open, the switches will

A-7




function normally for manual opera‘ion of the chamber. See Fig A-1 for a

diagram of a typical chamber interface.

A3.1.2 Vibration System Interface

The input for the vibration system is provided by the left channel of the
Multiplex tape deck. This signal is wired through the Multiplex control relay
and directly to the audio input of the shaker power amplifier. As noted pre-
viously, older exciter systems may require a preamplifier between the tape deck

and the power amplifier.

The control accelerometer is mounted on the test fixture and connected
through a charge amplifier to a true-RMS meter. The DC output of the charge
amplifier is connected to the "G - RMS" meter and relay in the Multiplex System.
This meter/relay functions as vibration overtest protection for the test article.

It must be wired into the exciter safety shutdown system.

Most exciters are equipped with two internal safety switches: an over-
travel switch and an over-temperature switch. Both of these switches are nor-
mally closed. When open, they drop out a system relay in the power amplifier,
which must be manually reset before testing can be resumed. The multiplex
meter-relay must be wired in series (normally-closed contacts) with either of
these shaker safety circuits, A normally-open bypass switch should be provi-
ded to cutout the Multiplex System when it is not being used.

See Fig. A-2 for a diagram of a typical system interface.

A3.1.3 Test Article Support Equipment Interfaces

Provision for up to five controlled interfaces, with the test article support
equipment; is provided in the Multiplex system. Each is a 15-Amp switch cir-
cuit. The circuits can be wired in parallel with support equipment switches to
turn power on to the test article, turn on cooling air when required, and initi-
ate test functions such as high and low input voltage.

A3.2 TAPE PROGRAMMING

The tape recorder channels are programmed with a random vibration spec-
tra on the left channel while control signals are recorded on the right channel.
The two channels may be programmed either simultaneously or separately, since

A-8
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the recorder has sound-on-sound capability, whichever is convenient. The left
channel is programmed in accordance with NAVMAT P-9492 but, since the Multi-
plex System only provides "on/off" control, a modification to the procedure is

: required. The modification consists of recording the same spectrum at various
dB levels, each level to be placed on the tape corresponding to its time sequence
on the test profile. Thereafter, when the vibration control is turned "on", the
_ spectrum and level are automatically available to the power amplifier and so no

] ‘ adjustments are necessary. The right channel is recorded with a constant 11-
kHz signal and various control signals from 3 kHz to 10kHz. The 11-kHz sig-
nal represents the "tape running" signal, which is routed to the test clock and
temp /humidity cam control circuit. The remaining control signals provide con-
trol over the external equipment connected to the multiplex mainframe output

barrier strip.
i

A3.2.1 Synthetic Random Voltage - The tape-random technique is completely
described in the referenced document, NAVMAT P-9492. Therefore, in this
section we will outline modifications to the procedure which are necessitated by
the unique requirements of the Multiplex System and the test profile. The sig-
nificant differences between the screening test of NAVMAT P-9492 and the Re-
liability Demonstration test of MIL-STD-781C can be summarized as follows:

(1) Single test article and setup used for entire test program

(2) Several different levels of vibration used.
¢ (3) Test article vibrated over a wide temperature range.

. A3.2.1.1 Sine Transfer Characteristics - The sine transfer characteristics are
" ) recorded in the same way as described in NAVMAT-P-9492, However, because
of the wide tempersture runge of the test, it is recommended that the sine trans-
fer characteristics be recorded at the two temperature extremes in addition to
the normai room temperature sweep. [With some types of mounting systems,

thermal expansion can cause significant shifts in the major resonant frequen-

e e S e e s

cies. ]

PR

It is also recommended thst, because of the requirement for different test
levels, a linearity check be made by recording sine sweeps at both 1.0-g and ;

3.0-g, from 20 to 2000 ilz.
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The sine tape will have the following sine sweep recorded on it:
(1) 1.0 g - room temperature

(2) 3.0 g - roomn temperature

(3) 1.0 g - lowest temperature

(49 1.0 g - highest temperature

i e e

This will require approximately 40 minutes of tape, A typical sine transfer

; curve is shown i. ¥ig. 4-3.

| ' A3.2.1.2 Preparation of Synthetic Random Tape - The analytical calculations of
the synthetic random voltage is performed in essentially the same manner &s de-
scribed in NAVMAT P-9492. Each of the four <ine sweeprs is played through a
real-time analizer and the sine transfer function determined (E/g). If there are

minor Cifferences in the function at low and high temperature, the two func-
tions should be averaged. Compensation factors for linearity (based on the two
room-temperature runs) can be applied to this averaged function. Since the
same test article is used throughout the test program, no compensation fuctors

for variance are used.

e G e g G a1 e g e e = e

If, however, the differences in the transfer function due to temperature or
! linearity are large enough to cause out-of-tolerance amplitudes at any tempera-
ture or test level, two separate synthetic random spectra can be calculated and !

=y ——

opan

recorded at the appropriate time on the tape.

A3.2.1.3 Recording the Random Tape - The synthetic random noise is recorded
in essentially the same manner as outlined in NAVMAT P-9492, with the following ;

exceptions.

Since verification of the test setup using the recorded sine sweep is only
required once at the start of the test program, the sine sweep tape is kept sep-
arate from the random tape. If the test lab has a spectrum analyzer, verification

of the test setup can be made directly with the random tape.

R e L it

The length of the rendom tape is determined by half of the required pro-
gram cycle (since tape is run in both directions) plus a five-minute setup time

used to set the amplifier gain at the start of the test. Using the program pro-
file (see typical profile Fig. A-4), a schedule is written for the required changes ‘}

A-12
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in test level. The random equalization system is then programmed with the cal-
culated synthetic voltage. This voltage is assigned a 0 dB value. An atten-
uator is used to reduce this voltage to that required by the profile (see typical
random voltage curve, Fig. A-5),

To record the tape, the random equalization system is run in a closed-
loop mode (the output is fed into the control accelerometer loop) with the out-
put paralleled to the input of the left channel. Before the tape drive is start-
ed, the recording level of the tape deck is adjusted to 0 dB with the random
equalization system set for 0 dB output.

The recording is started by activating the tape deck drive with the
system in the RECORD mode. Test levels are switched manually (using the
attenuator) at the required times in the test profile. [This can also be pro-
grammed in digital random vibration consoles.] At the conclusion of the initial
five minutes of tape [used for system setup] the tape deck should be stopped
and the tape counter set to zero. A piece of visual cueing tape should be
bonded to the tape to locate the program start point. The tape deck can then
be restarted and the program recorded. During recording, the counter read-
ing at test events should be recorded on the test profile table (Table A-1).

At the completion of the first half of the test program, the tape drive is
stopped and a 3/8" length of aluminum foil tape bonded to the recording side
of the tape. [This is used to switch the tape into reverse side play.] Side
two of the tape is then recorded in exactly the same manner as side one, but
without the five-minute setup portion. In crder to record side two, many tape
decks require that the reels be interchanged [these decks have four playback
heads but only two record heads]. If this is required, the reels should be

again interchanged at thz conclusion of the recording.

When separate random voltages are required at different times in the test
profile, a similar procedure is followed except the tape drive must be stopped
while a different random equalization is shaped by the vibration control system.
The recording levels must also be normalized so that the initial gain setting
provides the required test level for each spectrum. [This normalization volt-

age can be determined experimentally prior to recording the tape.]
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'
: ‘ Table A-1 Multiplex System — Reliability Demonstration Test Event Schedule
4
I
; PROGRRAM TAPE VIB TEMP HUM PUWF COoOL vIiB REMARKS
L TIME HR COUNTER LEVEL
13
f -0.08 3700 ON QFF OFF OFF OfFF O DB SETUP FHRSE
; -3.,02 9920 OFF " " " " 0 DB "
! .00 Q00 " ON " " " - START P
: 0.50 Q0470 " " " OH " - b
0.75 0?24 ON " " " " - 1
E . 1 R 00 096() 1" " " " H _5 DB ]
: 1.03 0931 " ! " " " -9 DB 3
. 2.08 21298 " " " " " -3 DB
2.33 2426 " " " " " O DB
" 2.53 28?‘: " " " " " _3 DB
v , 2.958 2738 " " " " " -8 DB
¥ ' 3.83 4548 " " ON " " -9 DB
: ) 4,00 4849 OFF " " OFF " -
3 4.00 * 4872 " " " " " - * TRPE REVERSES
4.50 4013 " " " oN ON -
4,75 3641 ON " " " " -
$.00 3287 " " OFF " " -5 DB
5 . 03 325() 1" " n " " _9 DB
4 ) 6.17 1850 " " " " " -3 DB
1 6-41 1580 " " " n " 0 DB
8-53 1450 " " " " " _3 DB 1
6.58 1400 " " " " " -g DB i
4 ' 7.98 0004  OFF  OFF " QFF  OFF . i
' 8.00 * 0000 " " " " " - * TAPE REVERSES j
;
|
i
{
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A3.2.2 Multiplex Control Channel

A3.2.2.1 Test Profile - Prior to recording of any of the control signals, a
tabulation of test equipment condition (on/off) versus test time must be avail-
able. The time increments of the tabulation should be in hours. The least
increment possible is 0.01 hours (36 seconds), in order to coincide with the
mainframe test clock. This tabulation, or schedule, will be used to determine
when a control signal is to be recorded on the tape.

A3.2.2.2 Tape Programmer Setup - Power to the programmer is furnished by

the Multiplex Mainframe, and therefore the mainframe must be powered during
the setup. Overall power to the programmer is then controlled by its own
power switch. The programmer consists of nine function generators, each
with its own front panel switch, eight red-handled and one white. Placing the
switches to the up pcsition powers that particular generator, and its output

signal appears at both the front and rear panel connectors simultaneously.

Above each switch is engraved the nominal output frequency of the gen-
erator controlled by the switch. While the output is monitored, at the front
panel with an electronic counter, the frequency of each generator should be
adjusted to +5% of the nominal. Adjustments are made by using the appropri-
ate potentiometer mounted behind the upper right hand corner of the front
panel. Access holes for each potentiometer are provided on the front panel.
Each generator should be adjusted independently. The output amplitude of
the generators have been previously adjusted directly on the circuit board in-
stalled on the programmer chassis. No further adjustment should be necessary
to the output amplitudes.

The output jack mounted on the rear panel of the programmer chasis
should be connected to the right channel line input of the recorder. Either
programmer output jack may be used, since they are internally connected. A
standard audio cable may be used for the interconnection, these cables are
normally furnished with the recorder.

A3.2.2.3 Tape Preparation - A test tape will contain two test segments, one

to be played back in the forward direction while the other is played back in the

reverse direction. The length of time of each test segment will determine the tape

A-18
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selection. A test segment in excess of four hours, or total cycle time of

eight hours, requires a thin (1.0 mil) tape. The 1.0 mil tape test cycle is

then limited to the amount of tape placed on a ten-inch reel. A minimum of

4500 feet of 1.0 mil tape is required for an eight-hour test cycle. Generally,
1.0 mil tapes are supplied on 2700 ft. seven-inch reels. Therefore, a splice
will be required as well as a transfer to the 10-inch reel. The use of a tape
splicer is recommended for both its quality of workmanship and its convenience.
(Note: Whenever possible, the 1.0-mil tape should be avoided in order to
lessen the possibility of tape stretch and breakage.)

A3.2.2.4 Recorder Setup - (Note: Before attempting to use the reel-to-reel
recorder, a familiarization with its controls and performance is recommended.
This may be accomplished by means of the Operator's Manual and practice re-
cordings.) The recorder input power connector should be plugged into the
guxiliary power connector located on the rear panel of the Multiplex Mainframe,
Fig. A-6. Thereafter, the recorder power is controlled through the Mainframe

and the recorder power switch may be left in the "on" position.
The recorder controls should be placed in the following positions:
a) Tape Speed: 9.5 em/sec (3.75 in/sec)
b) Record left channel: 'OFF'; right channei: 'ON'
¢) Monitor /Source Selector: Source
d) Bias & Equalization: Both on '1'
e) Reel Size: Large (assuming eight hr test cycle)
f) Pitch Control: Remains at center point throughout record
g) Timer & Repeat: Both 'off
h) Counter: Reset to 0000
j) Pause, Record & Forward: Activated per Operating Manual

A3.2.2.5 Recording Control Signals - This section presumes that the Random
Vibration Spectrum has been recorded in accordance with Para. 3.2.14 prior to
recording the control signals. Therefore, discussion concerning the first five-
minute setup and placement of the cueing mark and tape reversal indicator is

not necessary.
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The entire Multiplex system should be powered and permitted to warm
up for several minuies. During the warm-up period, pre-recording checkout
of the programmer and recorder should be performed in accordance with Paras.
3.2.2.2 and 3.2.2.4. After the checkout is completed, the tape should be ad-
vanced to the cueing mark that indicates the end of the five-minute set-up
and start of the test cycle. A review of the environmental/test equipment
"on/off" profile should be made just prior to recording. Also, since the tape
recorder will only record in the forward direction, when the first test segment
is completed the recorder reels must switch location in order to record the re-

verse direction signals.

Prior to recording, turn on the tape running generator, 11 kHz (white
handled switch) on the programmer and adjust the Right Channel Record level
for 0 dB on the recorder meter. Press the "Pause" button. This should acti-
vate the Record /Forward motion of the tape. Avoid stopping the tape until the
tape reversal indicator is reached. Stopping the tape places interruptions in
the Tape Running Signal which controls the cam motor. As the time for each
"on" or "off" condition is reached, Para. 3.2.2.1) the appropriate gener-
ator switch should be placed on momentarily for two to three counts of the tape
counter. With the tape running signal indicating 0 dB on the tape meter, the
momentary pulses from the other gencrator will be visible on the tape meter by
causing the level to reach approx. +3 dB. It should be remembered that a pulse
of control signal is required to shut off an environment as well as turning it on,
Therefore, the test profile must contain the shut-down times for each environ-
ment.

After the first half of the mission cycle is recorded on the forward portion
of the tape, and when the tape reversal indicator is reached, the tape running
signal may be shut off. The reels should then be reversed and the recorder
rethreaded for recording in the forward direction. Reset the PAUSE, RECORD,
and FORWARD switches, place the tape running generator 'on'. Proceed as
earlier described for the first forward recording. Upon reaching the cueing
mark on the tape, the entire systems may be shut down.
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A4 - TEST OPERATIONS

The performance of Reliability Demonstration tests with the Multiplex

System can be divided into three sections:
(1) System calibratiocn
(2) Testing with the system
(3) Test data

A4.1 SYSTEM CALIBRATION

Other than the normal calibration requirements for vibration and tempera-
ture sensing equipment, the Multiplex system has two unique requirements which

should be accomplished in the pre-test phase of the program.

The first requirement is for time synchronization between the multiplex
program tape and the chamber programmer. As explained previously, there is
no positive time synchronization between the chamber programmer and tape ex-
cept simultaneous starting and stopping. The synchronization, therefore, de-
pends on the cycle time of the chamber programmer and the tape being exactly
equal. Since the more common types of chamber programmers, such &s a cam,
do not have provisions for adjusting the cycle time, it is suggested that the
chamber programmer cycle time be used as the reference and the tape cycle time

be adjusted to match it.

The cycle time of the tape is controlled by the zero setting of the counter
and the position of the aluminum w~eversing tape. Lergthening of the tape
cycle can be readily accomplished by moving the aluminum tape further toward
the end of the tape. Since the tape runs in both directions, this doubles the
increment, [For example, the cycle can be extended 60 seconds by moving the
aluminum tape outboard by 30 seconds or 112 inches.] An 11kHz "tape-running"
signal must be recorded throughout the extended portion.

Shortening of the test porgram cen be accomplished in a similar mauner or
by resetting the tape counter zero for a later start. Note whether any control
signal pulses will be lost with the shortening. If they are, a short segment

A-23
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of the tape will have to be re-recorded and the missing control signal pulses

re-recorded.

The second requirement is for a calibration of the "G-RMS" meter in the
Multiplex System. This DC meter reads the DC output of the accelerometer
charge amplifier, which is proportional to the average of the AC accelerometer
output. Since we want the Multiplex "G-RMS" meter to read the true G-rms
valve of the random vibration, it will have to be calibrated using a true-RMS
meter and a random noise source. The easiest way to accomplish this is to oper-
ate the shaker using the random tape at 0-dB test level. The attenuator for the
Multiplex G rms meter can then be adjusted until it reads the same as the true
RMS meter.

A4.2 TESTING WITH THE SYSTEM

Test runs with the system encompassed the initial setup of the test, test
operations, and any holds and restarts accomplished.

A4.2.1 Test Setup

The most important aspect cf the test setup is assuring that the mechanical
and electrical cunfiguration of the exciter system is identical to that utilized in
the recording of the sine transfer function. With the setup complete, this should
be verified by playing the sine tape back through the exciter system. This
verification procedure is explained in detail in NAVMAT P-9492. If a spectrum
analyzer is available to the laboratory, verification can be made using the five-

minute setup phase of the random tape.
The test chamber must be configured for the start of the test. This should
include:

e Cam and :hart recorder set to start point

(zero minus five minutes of setup tape time)
e Main power switch ON
e Cam drive, air circulator, and humidify water switch OFF
e Chamber heater, cooler, humidify, and dehumidifier switches ON

e External coolant (LNz, CO,, etc) valve open if used.

2
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The Multiplex System must be configured for the start of the test. This

’ should include:

e All control relays set to OFF position (red dot on each relay

: aligned with cam follower)
E e Main power switch on

E e All required environment program switches ON (temperature,
humidity, vibration, equipment power, coolant, etc)
Note: only bottom blue light should come on if relays have been

properly set to OFF position

@ Test clock switch to START

e "G-RMS" meter relay set to 20% above the highest test level
e Tape deck in playback mode with automatic cycling controls set

e Tape positioned at start of five-minute setup portion of the tape
(counter should read the equivalent of minus five minutes from a zero

count)

: The vibration system must be configured for the start of the test. This

should include:
o Exciter in operational mode (field current up)

e Exciter amplitude control OFF

e Bypass switch for exciter shutdown OFF
e Charge amplifier in OPERATE mode
¢ True RMS meter ON.

This completes the pre-test phase of the test setup.

A4.2.2 Setup Phase of Tape

The initial five minutes of the Multiplex prograum tape are used for setting
up the vibration system for the test. The left channel has the full 0-dB level
of vibration recorced on it. The right channel has the vibraiion-enable signal 3
recorded at the start of the tape. [It is also recommended that the temperature i

]
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chamber be turned on at this time to hasten stabilization at the initial

i temperature /humidity condition].

This full-level vibratior signal is utilized for three calibratiou functions:
(1) Settling exciter system gain

(2) Caiibrating "G-RMS" meter-relay

(3) Verifying the test spectrum

A e

The setting of the exciter gain is accomplished with the fcllowing steps:

] (1) Start the tape drive
3 » (2) Verify a vibration gignal output by observing the left channel VU
meter (should read -10 to 0 dB)

Nabh e

(3) Turn exciter gain control up until the required 0 dB test level is
indicated on the trus-RMS meter. [Mark position of the gain control

I TRy

so it can be readily reset after a test halt.]

The Multiplex "G-RMS" meter relay can be set at this time. This is accom-
' plished by adjusting the 200 ohm potentiometer on the meter control board
f ! (Fig. A-T) until the meter reads the same as the True RMS meter. This adjuct-
ment need not be repeated at the start of each test unless the 0 dB test level is ;

3 significai:tly different from that for which it was calibrated.
1

A spectrum an2lysis can also be made at this time if a real-iime analyzeris i

available,

The tape may be left running at the conclusion of these calibrations since
svstem control is now being performed by the tupe. At the conclusionr of tre
five minutes, the tape counter should read 0000. [it is recommerded that «
visaal piece of cueing tape be put on the program tape at the program start
location to facilitate timing]. The ~ounter can be resei io zero if it is slightly
nff (as indicated by the cueing tape) and the test clock should be started by ]

aciivating the run switch. ‘
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A4.2.3 Test Runs with the Tape

Once the tape starts into the test program, all operations ave automatic:

e Vibration levels are preprogramed on tape

e Temperature-humidity is controlled by the chamber program-cortroller
é e Test article support equipment is also controlled by the tape program.

' The only periodic adjustment that may be required is for synchronization
of the chamber cam controller and the Multiplex tape. As noted previously,
there is no positive synchronization between them and therefore errors of two
or three minutes per cycle can be expected. Tlierefore, it is recommended that,
every two or three cycles, the cam be manually readjusted to get it back in sync

with the tape program.

During the initial cycle, it is also recommended that timing of events be
verified against the program listing to catch ary programming errors that may

have been made in preparing the tape.

f { A4.2.4 System Holds, Stops and Resets
Testing can be halted at any time by the following procedure: :
(1) Press the STOP button on the tape deck

(2) Put the test clock switch in HOLD.

Stopping the tape drive causes the system to go into a semi-hold condition:

F . (1) Vibration stops as there is no audio signal to the power amplifier

[ when the tape is not moving

(2) The chamber program cam halts, leaving the chamber in a "hold"

condition - maintaining the temperature and humidity it was set at

when the "hold" was initiated.

(3) The test article support equipment remains in the same condition it

M A

was set at when the "hold" was initiated.

A e
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In order to change an environmental status during a "hold", two methods
can be used:
(1) The impulse relay switching arm (for the environment or function re-

required) can be manually moved into the reverse position.

(2) The test chamber or test article support equipment switch can be
manually reset. (For example, the chamber heating switch could

be turned off.)

o e e

In order to resume testing from the point of the "hold", the following is

P L

required:

(1) Return any control relay or switches changed during the "hold"
to their original position wheir the "hold" was initiated

(2) Push tape deck DRIVE switeh (make sure drive switch direction is

the same as it was at the time of the "hold" iritiation)
(3) Move test clock switch from HOLD to START position.

i If testing is to be resumed from some other point in the program than the

point at which the program was halted, the following steps are required:
(1) Manually rotate the chamber program cam to the desired start point.

(2) Advance or rewind the Multiplex tape to the counter reading

] corresponding to this program time (see Table A-1)

(3) Set all the Multiplex control relays to the condition required by the

program at this time.

(4) When the temperature and humidity have siabilized at the new test

condition, start the test tape by pushing the tape drive switch in

the desired direction.
(5) Move the test clock switch from HOLD to START position. [Time
will continue from time of "hold" condition].

If an overtest vibration shut down occurs, it will activate the electrody-
namic exciter system test safety shutoff, Lut will no¢ interrupt the balance of the
Multiplex system program. It will, however, sound aii audio alarm to alert the

A-29




test operator to the problem. In order to maintain the integrity of the
vibration program, the Multipiex System should be halted per the procedure of
l this section. Press the reset bution below the Multiplex meter to turn off the
alarm.,

Before resuming testing, the operator shiould determine the cause of any

vibration overtest. In particular, he should check the test article or attachment
hardware for possible structural fajlures. When the cause of the probiem has

been identified and corrected. tesiing .an be resumed as follows:

' (1) Recycle the power amplifier to its operate mode

(2) Adjust electrodynamic exciter gain control to the mark determined

in the systen setur,, (Para A4.2.2) 4
(3) Resume testing using the procedure outlined earlier in this section.

A cautionary note should be made with regard to the tape deck counter. It é
wil! reset to zero automatically (without regard to tape position) whenever there
is a power interruption to the tape deck. Therefore, it is recommended that the
deck not be turned off during the cours: ot a test. If there is a power interrup-

it

j tion, he {ape counter must be reset by winding the tape to the program start
visual cueing tape, and setting the counter to zecro. The tape must then be

rORa

advanced to the desired starting point.

It should also be noted that loss of power to the Multiplex System does
not shut off the temperature chamber or test article support equipment. The
Multiplex control relays stay in the condition they were at when the test was
halted.

Foy complete shutdown of the system, the Multiplex control relays must be

manually set tc OFF {red dot on relay switching arm].
A4.3 TEST DATA

The Multiplex System does not monitor or record any test data except total
running time. Therefore, it is essential that the test operator maintain ar accu-
rate test log in order to document the stress history on the test article. This

is of particular importance where the test cycle hzs been interrupted by holds or

shutdowns of the system.
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As a minimum, the following information should be recorded for each test
cycle:
(1) Cycle number

(2) Start and stop time, and date

(3) Temperature/humidity /vibration time history - continuous if ;
E recording equipment available, or periodically if manual data logging ;
: must be done
: i
E,‘ ! (4) History of all test halts, including time and conditicns during hslt,

reascn for halt, and time in profile where testing was resumed.

: (5) A spectrum analysis should be performed periodically to verify the
¢ test spectrum.
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B1 - INTRODUCTION

The procedure described here utilizes an inexpensive Microprocessor Sys-
: ; tem to perform a Reliability Demonstration Test in accordance with MIL-STD-781C.
Since each Reliabiiity Demonstration test profile is different, this procedure as-
sunes that the desired test profile has been developed and the task at hand is

the implementation.
The system is composed of a microprocessor with a CRT display, a contin-

uous-loop, casette tape racorder, and an on-line printer to document timing and
The desired reliability

e
W s g

relevant test data for each environmental test event,
demonstration test profile, as well as the environmental tolerances, are pro-
During the test (typically, every 15 seconds)

o

i { grammed in the microprocessor.
the environmental parameters with their associated levels are compared with

the required test levels. An out-of-tolerance condition is signaled by a nota-

1 ' tion on the printer and an alarm bell.
In addition, the procedure contains several programs which enable the user

to perform all the necessary reliability demonstration test functicns, as well as }

any diagnostics. The programs are called CALIBRATE, SETUP, DEMO,

TROUBLESHOOT and RELDEM, and can be modified by the user to reflect his

> desired test requirements.
The procedure details the equipment requirements, system setup, and the
test opurations to perform a Reliability Demonstration Test program.

PR
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B2 - EQUIPMENT REQUIREMENTS

B e aacan A

The equipment required to apply the microprecessor technique for long-
duration Reliability Demonstration tests can be subdivided into two categories:

E ' (1) Normal environmental laboratory equipment

(2) Special Microprocessor equipment

Included in the first group would be the following:

e Temperature - humidity chamber

e Electrodynamic exciter system with a sinusoidal control system and

T e

associatad instrumentation
, This is equipment most small test laboratories would already be equipped with.
The second group of equipment would consist of:
e Taped-random equipment, including the tape deck and true RMS meter

e Microprocessor, peripheral and I/0O boards.

r—.—.

This specialized equipment would have to be purchased and interfaced with the
laboratory equipment to perform Reliability Demonstration tests.

This section will outline the specific attributes that the test equipment
must have in order to operate successfully in the Microprocessor System. The

intent was to include the more widc 7 used types of equipment found in today's
test labs. Less common equipment nc! specifically described could probably be

adapted to this technique using the san:e approach.

82.1 ENVIRONMENTAL TEST CHAMBER

The required characteristics of the test chamber are determined by the
test profile specified for the equipment to be tested. The chamber must be

capable of operation over the required temperature and humidity range, within
the specified tolerance and with the required transition rates demanded by the

i
i
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test profile. The chamber need not have a temperature controller, programmer,
or monitor, as these functions are performed by the Microprocessor System.

with the Microprocessor.

For humidity testing, the chamber should have solenoid valves for filling
and draining of the water system. This is required when the mission profile
requires temperatures below freezing. These valves can be readily installed in
a chamber water system and an on-off switch added to the chamber.

- g v e e e

The only other requirement for the chamber is an entry for the exciter.
| A flexible air-tight seal between the exciter head and the chamber should be

installed to minimize heat luss from the chamber.

B2.2 VIBRATION EXCITER SYSTEM

An electrodynamic exciter system is required with sufficient capability to
drive the test package to the required test level. Sufficient instrumentation
and control equipment to perform servo-controlled sinusoidal frequency sweeps
is required. The only additional equipment required is a true RMS meter for

: accurately measuring the random vibration.

It should, however, be noted that the A-D module in the Microprocessor
requires a DC signal (proportional to acceleration amplitude) from the charge

amplitude. [This is to avoid a complicated sampling subroutine on the AC sig-
‘ nal to determine the true rms]. If a charge amplifier with a DC output is not
; available, then a true RMS meter with a DC output should be secured.

One additional item of equipment might be required for older exciter

TR itk e Aottt 2

systems. Many of the older systems require a high level input signal to the
power amplifier (up to 10 VAC). Since the normal sterco tape deck only pro-
vides about 1 VAC, a preamplifier would be required between the tape deck

and the power amplifier. The preamplifier used should have a 20 dB gain, with
a frequency response of *1 dB from 20 to 2000 Hz.

B2.3 TAPE DECK

The recorder used with the Microprocessor system must be capable of
meeting the frequency requirements specified in NAVMAT P-9492. These re-
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quirements deal primarily with the low-frequency response from 20 to 2000 Hz.
The ability to record during simultaneous playback is also a requirement. The
Microprocessor system lessens the need for constant surveillance of the test
conditions. The capability to record the vibration level just prior to a shut-
down or failure bhecomes a necessity. The use of a cassette recorder with an
endless tape is desirable rather than a reel-to-rezl recorder since it eliminates

interruptions during playback and recording.

B2.4 MICROPROCESSOR

A microprocessor selected tu monitor and contral test environments to
MIL-STD-781C must be capable ¢f performing a number of critical functions.
As a minimum, the system must accept inputs from two thermocouples and one
accelerometer. These three transducers will provide readings of dry bulb

temperature, wet bulb temperature and rms acceleration.

Interface cards and relays required to activate switches are necessary to
turn on various controls of the test facility. Since the decision to activate a
switch will be based on the three transducer inputs or the time of the test
cycle, the Microprocessor must have a clock or programmable timer.

Storaze and display of programs and test data is a basic necessity of any
system controller. Several methods can be used to provide permanent storage
of computer programs. These are the tape cassette, Programmable Read-Only
Memory (PROM), and mini-floppy disk. The system selected had dual mini-
floppy disks for storage of programs that are required to prepare the environ-
mental facility for testing, run the test profiles and debug test problems that
occur., Display of the programs and test results is provided by a CRT terminal

with permanent copies of the output on a line printer.

Prior to program execution, the program must be transferred from peri-
pheral storage to the main microprocessor memory. The system evaluated con-
tained 48K of RAM memory, a sufficient amount of memory to perform all the
necessary program tasks for the eight-hour test profile (see Fig. B-1).

In addition to hurdware requirements, system software is required to per-

form program functions. A software operating system is necessary to transfer




programs to and from disk storage to the microprocessor memory. To utilize

a higher level programming language such as BASIC, and to execute the pro-
grams, ~equires an interpreice/compiler and a software runtime package. The
programming and execution become greatly siwplified if the language allows
real-time event monitoring through interrupts and addressing of specific memory
locetions for wonitor/control.
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B3 - SYSTEM SETUP

The setup of the system prior to test operations can be divided inte two

Ty i

: sections:
:
'E ' (1) Interfacing the microprocessor system with the Environmental Test
Equipment
(2) Prograrniming the Microprocessor system for the required test profile.

B3.1 SYSTEM INTERFACES

The Microprocessor System interfaces electrically with three test items:
(1) Temperature - humidity chamber

i (2) Vibration System

‘ B3.1.1 Temperature - Humidity Chamber Interfaces

E
]
}
}
f
3
;
-
}f (3) Test article support equipment.
ﬁ; There are two types of interfaces between the Microprocessor System and
F the temperature humidity chamber:
(1) Temperature data inputs

(2) Environment control outputs

' Since the Microprocessor System provides complete control of the test cham-

ber environment, it must receive feedback data from the chamber on mesasured
The data, that is compared with the reference pro-

temperature and humidity.
file, will initjate a control ac.ion if required. The form of feedback data is two

thermocouples located in the chamber to provide measured chamber air tempera-

ture (dry bulb temperature) and humidity-related tempcrature (wet bult tem-

The wet bulb thermocouple must be located under the muslin sock
The two thermocouples are in-

perature) ,
and kept moist by the chamber's water system.
terfaced directly with the Microprocessor A-D module or through an external

bk & s,

reference junction compensator if required by the A-D module.




Since the chamber environment is completely controiled by the microproces-
sor, all of the following chamber functions must be interfaced with the micro-

processor:
(1) Tempersnture Air Circulator - which turns on the chamber heat ex-
change blower and serves as a master switch for all heaters and

coolers.
(2) Water Supply - fills or drains the chamber water system.

(3) Air Heater - activates the heater relays supplying power to the coil

heaters in the chamber heat exchanger.

(4) Air Cooler - activates compressor relays or refrigerant valves to pro-

vide cooling in the chamber heat exchanger.

(5) Water Heater - activates relay to heating coils in the water pan to

add mois.ure to air for controlled humidity.

(6) Water Cooler - activates compression relays or refrigerant valve to
cool the water pan to remove moisture from the sair for controlled
humidity .

The microprocessor relays are wired in parallel with each of the chamber
switches controlling these functions. During a Microprocessor-controlled test,
these switches are left open on the chamber, thus shifting control to the micro-
processor relays. With the Microprocessor System disconnected or relays open,
the switches will function normally for manual operation of the chamber. See
Fig. B-2 for a diagram of these interfaces.

Care should be exercised in sizing the microprocessor relays for the re-
quired chamber loads. These relays are, in turn, activated by small reed re-
lays located on the microprocessor D-A module., These logic-controlled reed rec-
lays function as switches for an external DC supply to activate the Microproces-

sor System control relays.

B3.1.2 Vibration System Interface

There are two types of interfaces between the Microprocessor System and

the vibration system:
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(1) Vibration data input
(2) Vibration signal output.

While the Microprocessor System does not provide servo-control of the ran-
dom vibratioﬁ level, it does monitor and record the acceleration, signal out-of-
tolerance test levels, and shut down the exciter system when test levels are ex-
ceeded. This is accomplished using a control accelerometer mounted on the test
fixture and connected through a charge umplifier to & True-RMS meter. The DC
output of the charge amplifier is connected directly to the Microprocessor A-D
module, This data is sampled by the computer, compared with the program
references, and printed on the system display. If the measured acceleration ex-
ceeds the programmed abort level, a control relay is activated to shut down the
exciter system. This shutdown relay must be wired into the exciter's safety

shutdown system,

Most exciters are equipped with two internal safety switches: an overtravel
switch and an overheat switch. Both of these switches are normally closed.
When open, they drop out a system relay in the power amplifier which must be
manually reset before testing can be resumed. The Microprocessor System vibra-
tion dump relay must be wired in series (normally-closed contacts) with either
of these exciter safety circuits. A normally-open bypass switch should be pro-

vided to cut out the microprocessor system when it is not being used.

These vibration interfaces are also shared with the Microprocessor system
tape deck. Since the Microprocessor system is intended to operate unattended,
it was considered prudent to have a record of the control accelerometer prior
to and at a system shutdown. The right input channel is therefore wired in
parallel with the True RMS meter to continuously record the control accelerom-
eter signal. In order to stop the recording of the signal at the initiation of a
shutdown, the tape deck power or drive solenoid is wired into the vibration
dump relay. This preserves the recorded acceleration signal for 12 minutes
prior to shutdown (length of tape-loop cartridge). The data can then be played
back through an analyzer to document the conditions of the shutdown. .

B-12
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The input for the vibration system is provided by the left channel of the
Microprocessor system tape deck. In order for the Microprocessor system to
program changes in test level, the random noise signal from the tape deck is
passed through an attenuator network, controlled by the Microprocessor, and
directly to the audio input of the exciter power amplifier. [As noted previous-
ly, older exciter systems may require a preamplifier between the tape deck and

the power amplifier.]

The attenuator network is controlled by individual Microprocesser control
relays. One approach is to wire & resistor in series with the audio input under
control of the vibration control relay. This resistor is sized to provide the
lowest level of vibration required by the test profile. Higher levels of vibration
are attained by assigned control relays to switch resistors in parallel with this
series resistor, thus lowering the effective circuit resistance in the audio path.
A separate control relay is assigned to each level of vibration required by the
test profile. This circuit has the advantage of the vibration "on" relay default-
ing to the lowest vibration level in *he absence of any other vibration relay

activations.

In selecting these audio control relays to be used with the D-A module, the
use of solid-state AC relays should be avoided as the load voltages are often
only 100 or 200 mV,

See Fig. B-3 for a diagram of all vibration interfaces.

B3.1.3 Test Article Support Equipment Interfaces

The microprocessor D-A module provides 16 channels of control relay switch-
ing on the D-A module. 8ix channels are used in the control of the temper-
ature-humidity chamber, and five channels are used in the vibration system.
This leaves five control relays available for interfacing with the test article
support equipment. These control relays can be wired in parallel with support
equipment switches to turn on power to the test article, turn on cooling air
when required, and initiate test functions such as high and low input voltage.
The control relays used to interface the equipment with the D-A module should
be sized for the anticipated loads of the support equipment.

T
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B3.2 SYSTEM PROGRAMMING

The procedure for programming the Microprocessor System can be divided

into two sections:

(1) Tape programming (synthetic random voltage)
(2) Microprocessor program.

B3.2.1 Tape Programming
The tape random technique is completely described in NAVMAT P-9492,
Therefore, in this section, we will outline modifications to the procedure which

are necessitated by the unique requirements of the Microprocessor System and
the test profile. The significant differences between the screening test of
NAVMAT P-9492 and the Reliability Demonstration Test of MIL-STD-781C can be

summarized for the Reliability Demonstration Test as follows:
(1) Single test article and setup used for entire test program.
(2) Several different levels of vibration required.
(3) Test article vibrated over a wide temperature range.

B3.2.1.1 Sine Transfer Characteristics - The sine transfer characteristics are
However, because

recorded in the same way as described in NAVMAT P-9492,
of the wide temperature range of the test, it is recommended that the sine trans-

fer characteristics be recorded at the two temperature extremes in addition to

the normal room temperature sweep. [With some types of mounting systems,

thermal expansion can cause significant shifts in the major resonant frequencies.)

It is also recommended that, because of the requirement for different test

levels, a linearity check be made by recording sin= sweeps at both 1.0 g and 3.0 g,

from 20 to 2000 Hz,

Therefore, the sine tape will have the follo . r sine sweep recorded on it:

(1) 1.0 g - Room temperature
(2) 3.0 g - Room temperature
(3) 1.0 g - Lowest temperature

(4) 1.0 g - Highest temperature.

B-14




WelsAg 158 ] Jossedosdosdy £-g By

TOYLNOD 7 HIMCd
HB3GWVHD

“ —
: ~gnC B0 Tk
T QHvO8 A¥I3Y
v < o
w i SN8 10HINOT < *
[ —
BrogirtL = IYNINHIL § HOSSIDOHIOHIIN
— [ .
i b | >}
; ! AV1dSIO 1NdN! ¥1va - IHNIVHIdW3L 81N8 AHA GIYNSYIW I
HILNIHE _‘"' I ONINEYM —
! sna C B viva 1NddI V. va - 24N LYH34WNY1 87N8 L3M a3gnNsvy3w F
_ } wiva 1NdN w1v0 - NG 7231300V G38NSYIN
- - -
”. s AIALL b hl AYNOIS WOANY Y A3191N00W v LNdNI
: AR alanv
w %230 3dvL ! ,‘
| Jwnoiswoanvy 109 9 © 't | A |
. LNdAND VINKYHD 13371 ;B B_O O . | NOILYE3T1300V \ 2 C3IPYNSYIN 3o !
< _ | S— 1NdNI TINNYHD LHOIY | _
AVI3H HMJ 34V WHMU .
| ittt — |
{ JNNUEIND  re—= SNNG B3I IIWY - L531HIA0 NOLLYHBIA AH T g HoLms L g3rdranwy
e T m T e .o - = J mm<~u>n Imgo&
s H3ILIN
S o SWy
L‘l Hiv ONMOO0J 3101LHY 4531
R RTCLITITS T @ 30HNOS HIMOS - Q
D
YaMO ITD11dv 183 L]
e e er—en _ ;
——
L __TFe(d) 7 ;M
BAd T ITHLHY 1302 H308¥033d Jom|
B 370SNO) . 7
- T0HLINDD : | / M
"37000 ALIQINNH HITWVHI ; \ g i
\ / !
A N ~
!
— - ) dINTHS ,_
LNQNEANH S =— YILVIH A LIAINNK !
! - 1
4 v - 37011HY L_ >
[, 3
H31YM P TIK. - H3LVM ALICINNH s ; 30V L A
i
-
4 I _ SHCSKW3S dw3l g 897n8 13M i
w3000t b IKW 137000 HIV H3BWTHD o 8718 AHG
S e ?@ YIAWYHD
j U ALIGIANNH IYNLYHIdWIL
1 L
iy —————
H3l BILVIH U1V BITWYHD

V3K ———

- — e—== : vH
W L fl‘ﬂ HOLYNouD JA LY HIaN3L 3OV4HALNI HOS53I0HAODIW HIFWYHD
>

/ DA OLL
SAVI3IH STUBLNOI

P

L

L it et e a st b LY . S e e M e . -




e

Ve i g -,

Since these four sweeps will require approximately 40 minutes of tape, the "end-
less-loop" type of cartridge cannot be used. These sine sweeps should be made
with standard cassettes. While a standard cassettc will operate normally in the
tape deck, it can only be used on one side. This is because the deck has been
modified to use only track #1 and #4 to provide widest head separation during
simultaneous playback and record. A typical sine transfer curve is shown in
Fig. B-4.

B3.2.1.2 Preparation of Synthetic Random Tape - The analytical calculation of
the synthetic random voltage is performed in essentially the same manner as de-
scribed in NAVMAT P-9492. Each of the four sine sweeps are played through a
real-time analyzer and the sine transfer function (E/g) determined. If there
are minor differences noted in the function at the low and high temperature, the
two functions can be averaged. Compensation factors for linearity (based on

the two room-temperature sinz sweeps) can be applied to this averaged function.
Since the same test articlz is used throughout the test program, no compensa-

tion factors for variance are required.

If, however, the differences in the transfer function due to temperature
or linearity are large enough to cause out-of-tolerance amplitudes at any tempera-
ture or test level, separate synthetic random spectrums may be required. Prob-
lems in overall linearity can be compensated for when choosing the resistors for
the attenuator network (see par. 4.1), Large differences in the temperature
transfer functions, requiring separate synthetic random spectrums, can be
accommodated by recording both spectrums on the "end-less" loop cassette and
programming the Microprocessor to switch between them as the profile requires.

The recording of the control accelerometer could be handled on a separate tape
deck.

B3.2.1.3 Recording the Random Tape - The synthetic random noise is recorded
in essentially the same manner as cutlined in NAVMAT P-9492, with the following

exceptions.

Since verification of the test setup using the recorded sine sweep is only
required at the start of the test program, the sine sweep is recorded on a dif-
ferent tape cassette than the random program. If the test laboratory has a
spectrum analyzer, verification of the test setup can be made directly with the

random tape.

—
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As noted previously, the "endless-loop" type cassette is used for the syn-
thetic random voltage. [This method eliminates the need for any time synchro-
nization between the tape deck and the Microprocessor.] The length of the loop
on the cassette is twelve minutes. The random equalization system is programmed
with the calculated synthetic voltage. A typical random voltage curve is shown
in Fig. B-5, To record the tape, the random equalization system is run in a
closed-loop mode (the output is fed back into the con’ . 1 accelerometer loop)
with the output parallel to the input of the tape deck left channel. Before the
tape drive is started, the left channel recording level is adjusted to 0 dB.

The recording is started by actuating the tape deck drive with the deck in
the record mode. At the conclusion of about 13 minutes, the recording can be
terminated by pressing the tape deck STCP switch. The tape loop is recorded
in 12 minutes. Because of the nature of the system, there are two brief (less
than a second) interruptions in the recorded noise - one at the tape splice join-
ing the beginning and ending of the loop, and the other at the point the tape
deck is stopped. These interruptions drop the exciter vibration level for only
about two seconds in every 12 minutes of operation - not considered significant

in testing of these durations.

If separate synthetic random voltages are required because of temperature
differences, the right tape channel could be recorded in the same manner.

B3.3 MICROPROCESSOR PROGRAMMING

Five programs were written to prepare the test instrumentation and con-
duct environmental tests. The function of each program and the logic used to
develop the program is presented.

B3.3.1 CALIBRATE Program

Upon execution, this program will print out one of three inputs required to
monitor the test profiles. The test operator selects either channel 0, dry bulb
temperature, channel 1, wet bulb temperature, or channel 8, DC voltage repre-

sentative of the rms acceleration.

Once a channel has been selected, program flow is directed to one of three

sections shown in the flowchart, Figure B-6. During this phase of program

B-18

it st it it e



m pelesuadwo) simesedwa ) ‘gBm oA WwopueY Pepi0ddY :woIsAg 10ss300sdori G-g “Bid
4
. . MPEO-6£30-18Y
ZH 'AJN3NT IHA
000Z 008! 0091 oovi o0zl 000L 008 0c9 ooy 00z
ll‘.lll?'.%...l e - — 4 - — \|.+.| R, ;d - . .‘ e * . - I.f e e Iq —a .|.||\M.|.-|||||_
. H B | 1

— — P - . v . . . .,,. o . ..i.i.l‘lll'H,l G-
_
" s “
] f |

. - v ; -t.||l|||4| oz-

B-19




i
{
'
E

A - vy W S ATC—r -

T,

TTRCTT T e e m———a e

g o i

e Tlo o oo R

START

(INTERRUPT) / KEY F1

{INTERRUPT)

R81-0639-010W

HIT
INPUT
CHANNEL
DELAY
?gag N Dl;g'mv USING
. \ / LOOP
WET READ DISPLAY DELAY
BULB WET BULB ' WET BULB USING
CHANNEL TEMP. TEMP. LooP
> READ DISPLAY B;L,\‘AGY
ACCEL ACCEL LOOP

Fig. B-6 CALIBRATE Fiowchart
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execution, the value is read and displayed. The program then executes a small
loop to perform a time delay pricr to reading tha input again,

Depressing Key F1 generates an interrupt which restarts the execution of
the program and a new channel may be selected. Depressing Key F4 generates
an interrupt which transfers program control to a subroutine that terminates the

program,

e e i e wa -

o,

1

B3.3.2 SETUP Program

A flowchart of program SETUP is presented in Figure B-7. This program
is used to activate switches that are connected to the environmental test chamber
and vibration exciter. The operator inputs the number of switches and which
switches are to be activated. Integers are calculated and written into two key
memory locations that turn on the switches selected. The program then exe-
’ cutes an indefinite loop which can be terminated through an interrupt by de-
] pressing Key F1 or F4. Key F1 restarts the program while Key F4 terminates
program execution, and resets all switches for ihe start of the Reliability Demon-

stration test.

B3.3.3 DEMO Program

J The DEMO program was written to monitor and control the environmental
test system to specific thermal, humidity and vibration profiles for a test period
of 45 minutes. A flowchart of the program is presented in Figure B-4, The pro-
gram operates in any one of three phases, STABILIZATION, MONITOR/

r CONTROL and HOLD. A description of each phase follows,

’ : B3.3.3.1 STABILIZATION - As described in Figure B-8, upon start ot program
v . ' execution, the operetor inputs the start time of the test cycle. The operator
has the option or starting at any point within the 45 minute cycle time. Once

the start time has been input, temperatures and acceleraiion are monitored and
the required values are determined by the program. The messured and re- |
quired dry bulb temperatures are displayed. A comparison is made to determine
if the two values are within +1°C. If the measured value is ou! of tolerance,
switches are activated to cool or heat the chamber as required. This procedure
is repeated until the two values are within tolerance, at whick: time program con-
trol is transferred to the MONITOR/CONTROL phase,

B-21
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B3.3.3.2 MONITOR/CONTROL - The monitor/control phase of the program is
initiated by setting all switches required at the input start time and starting the
microprocessor clock, Figure B-9. The program then executes through a com-
plete loop every 15 seconds. At any time during execution of this phase of the
program, an interrupt may be generated to stop the program by depressing Key
F4, or transfer control to the "HOLD" phase, by depressing Key F1,

In executing the loop, a check is first made to determine if the 45-minute
cycle is complete. A completion of the cycle stops the clock and switches off
the environmental test instrumentation. The program is then terminated.

Next, the input transducers are monitored and their readings are displayed
along with the required values. Comparisons are made and, if required, out-of-
tolerance warnings are displayed. An excessive out-of-tolerance condition leads
to an emergency si:utdown and tzrminates the program. The loop is completed
by activating switches based on the cycle time and the dry bulb and wet bulb

temperature readings.

B3.3.3.3 HOLD Program - Figure B- 10 presents a condensed fiowchart of the
HOLD portion of program DEMO. As previously mentioned, the HOLD phase of
the program is execuied through an interrupt by depressing Key F1. Once this
key is depressed, control is Lriefly transferred to a subroutine which changes
an integer variable from zero to one and holds the time constant. The program
then executes the MONITCGR /CONTROL portion of the program. However, since
the required temperatures and acceleration are based on the constant time point,
the program will monitor and control the .nput parameters to those required at
the time Key F1 was depressed. The integer value of one informs the program
that the HOLD condition is on and that monitor/control is based on one time

point, not the test profiles,

The HOLD phase is terminatcd by depressing Key F1 again. This transfers
control to the same subroutine but resets the integer value from one back to zero.
Upon return to the MONITOR /CONTROL portion of the program with a zero inte-
ger volue, the program resumes following the test profile. As described in the
flowchert, depressing Key F1 an odd number of times transfers control to the
HOLD routine and an even number of times to the MONITOR /CONTROL routine.
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B3.3.3.4 Determination of Control Cycle Parameters - The configuration of the
control ¢ycle is a variable related to the test chamber response, the thermal mass
of the test article, and the temperature range of the test. There are three

parameters that should be examined:
(1) Length of control band (sample rate) .
(2) Width of control band

e e

(3) Proportional control

‘ The length of the control band is the time betwaen riicroprocessor samples.
As the sample data is received, the microprocessor ‘nitiates the required control
action (such as switching on the air heater). The h2ater remains on until the
next sample is taken and the microprocessor turns .. off (if temperature has ex-
ceeded the upper control temperature). If the time between samples is too long,
large over- and under-shoots of the temperature will result.

o Trrrg s g o e g o -

Py ey

The width of the control band is the delta temperature above and below the
reference set temperature that initiates the control action. This establishes a
dead band around the set temperature where both heating and cooling are
switched off. Correct choice of width should eliminate any control cycling

s T e

around the set temperature.

Proportional control ic a control method used to minimize over-shoot during
temperature transitions and excessive cycling around the set temperature. Since
heating and cooling is an on/off control operation, proportionai control usually
takes the form of proportioning the percentage of time the contro! is on when it
is within a temperature band around the set temperature. [For example, if the
control cycle is 30 seconds, 40% proportioning would limit the heater "on" time to
12 seconds whenever the temperature is within 10° of the set temperature.]

Since each of these three control parameters have an interacting effect on
the control of temperature, it is suggested that only the first two (length and
width of control band) be initially included in the test program. In order to sup-
ply values for these parameters, it is suggested that an empirical method be ap-

‘
bt e s ke ¥ ke -

plied. The approach will consist of running the test chamber under micro- .
processor control with the test article or an equivalent thermal mass installed in
the chamber.

B-28
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It is recommended that, for the initial test run, the length of the control
band (sampling rata) be set at 30 seconds and the band width set at +30% of the
required tolerance band (i.e., *1° for a required tolerance of +3°C). The
chamber should be run through the test proflle and any problems with test con-

' trol noted. The program can then be revised and the test repeated until the re-

' quired test tolerances are achieved.
As examples of corrections that can be applied, we can examine & few typi-
cal problems that may be encountered:

(1) Cycling of control with positive and negative tolerance exceedance -
corrective action would be to decrease the length of the control band

from 30 to 15 seconds.

pa—

(2) Positive tolerance excecdance on temperature transitions and cycling -
corrective action would be to change the control limits from +30% of the

tolerance band to +10% and -50% of the tolerance band.

If, after several adjustments of these two parameters, out-of-tolerance
S temperature cycling still occurs, consideration should be given the third alterna-
'f ‘ tive of programming preportional on and off time during a program cycle.

B3.3.4 TROUBLESHOOT Program

Program TROUBLESHOOT, Figure B-11, allows the operator to control any
sequence of four parameters to values input at the keyboard. The parameters

i il i i £

are:

e Dry bulb temperature

1 ]
oo st

e Wet bulb temperature

e Acceleration (four possible valves)

e Test Article Power (On or Off).

The program operates on a 15-second loop, wherein measured parameters as |
well as the required values are displayed. An out-of-tolerance condition will re-
sult in switches beinyg activated to correct the condition. An extreme out-of-

e e L
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tolerance condition will result in an emergency shutdown and terminate the pro-
gram. An interrupt will restart the program by depressing Key ¥1, or terminate
the program by depressing Key F4.

B T

B3.3.5 RELDEM Program

' 3 Program RELDEM was written to perform the monitor/control functions for
an eight-hour test period. Tne program and flowcharts are identical to DEMO

L

except for a few minor changes.

E | The data required to run the program reflects the new test profiles for the
eight-hour cycle, Some additional instruction statements were added to monitor
aid control the wet bulb temperature over that portion of the test cycle. The )
DEMO program performed this function over the entire 45-minute test cycle.

P TP r———
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B4 - TEST OPERATIONS

The performance of reliability demonstration tests with the Microprocessor

system can be divided into three sections:
(1) System calibration
(2) Testing with the system
(3) Test data

B4.1 SYSTEM CALIBRATION

System calibration can be divided into two areas:

(1) Vibration system - which encompasses the calibration of the accelero-
meter input as well as the attenuator network for the vibration output

(2) Temperature sensors - which covers the calibretion of the two thermo-

couple inputs

B4,1.1 Vibration System Calibration

The first phase of the calibration is to determine the value of the resistors
in the attenuator network. While this can be approached analytically, the more
direct empirical approach will yield quicker results. As noted »reviously, a
control relay is assigned to each level of vibration which is required. The low~
est level also functions as the Vibration Enable switch.

A variable resistor in the range of 100K chms is wired in series with the
audio output of the tape deck, through the "vibration enable" control relay,
and on to the power amplifier input. (See schematic in Figure B3). The syn-
thetic random tape is then played through the system and the variable resistor
adjusted until the true-rms meter reads the lowest required test level.

The cther control relays for vibration are wired to place a variable resistor
in parallel with this "lowest level" resistor. Each of these control relays can be
activated in turn, and its variable resistor adjusted until its required amplitude
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; is read on the true-rms meter. This is a one-time adjustment and need not be
repeated for individual test runs. Individual control relays can be conveniently
activated by the Microprocessor, using the SETUP program described in Par
B3.3.2.

The second phase of the vibration calibration is to adjust the vibration
channel of the A-D module to read directly in g-rms. As noted previously,
the DC output of the sccelerometer charge amplifier is connected to the A-D
module. This signal is propnrtional to the average value of the measuved
acceleration., In order to calibrate it in terms of G-rms, a random noise source

is used with a true-rms meter as the reference.

Tl L e o R T

The most direct method is to operate the exciter at the full test level and
adjust the attanuator resistor on the vibration channel of the A-D module until
a reading of the G-rms (using the true-RMS as reference) is printed on the
microprocessor's CRT display. Readouts from the A-D module channels can be
displayed on the CRT using the CALIBRATE program described in Par B3.3.1.
[Note: The zero and span of this channel should be adjusted per manufacturer

instructions prior to this G-rms calibration.]

B4.1.2 Temperature Sensor Calibration 3

The two A-D module thermocouple channels are also calibrated using the
CALIBRATE program. However, rather than using a reference thermocouple to

calibrate these channels, the thermocouples are disconnected from the A-D
module and a DC input from a precision millivolt source is applied. Using the
NBS reference tables for the type of thermocouples being used, the millivolt
, equivalent for the highest and lowest temperature which the thermocouple is
- ‘ expected to see is determined. These voltages are applied to the A-D module

channels and the zero and span adjustment pots are tuned (per manufacturer's
instructions) unti! correct readings in degrees centigrade are obtained on the
CRT display. The millivolt source is then disconnected and the two thermo-

couples reconnected to the A-D module.

B4.2 TESTING WITH THE SYSTEM

Test runs with the system encompass the initial setup of the test, test 1
operations, and troubleshooting routines which can be accomplished with the

gsystem,
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B4.2.1 Test setup

The most important aspect of the test setup is assuring that the mechani-
cal and electrical configuration of the exciter system is identical to that utilized
in the recording of the sine transfer function. With the setup complete, this
cun be verified by playing the sine tape back through the exciter system. This
verification procedure is explained in detail in NAVMAT P-9492. If a spectrum
analyzer is avail-ble to the laboratory, verification ean be made using the ran-
dom tape and SETUP test program.

The test chamber must be configured for the start of the test. This should
include:

e Main power switch on

e Air circulator, humidity water, chamber heater, chamber cooler,
humidify and de-humidify switches off

e External coolant (LN2, C02, etc) valve open if used.

The Microprocessor system must be configured for the start of the test.
The power switch of the microprocessor and orinter should be turned on. When
power is applied to the microprocessor, it se‘s the control relays in a random
fashion., Therefore, the first step must be to set all control relays to their off
or zero condition., This and subsequent steps utilize the terminal of the micro-
processor and, as such, may be unique to the microprocessor used in the sys-
tem. Equivalent procedures can be derived for whatever system use.

Description of Procedure Terminal Entry
(1) Initialize control relays to off ECFE 00
ECFF 00
(2) Set printer control 3 4201

(3) Insert program disk in left drive
(4) Load disk operating system XDOSs

The Microprocessor System is now ready. Any of the BASIC test programs on
the disk can be called up and run.
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The vibration system must be configured for the start of the test. This
should include:

e Exciter in operational mode (field current up)

e Exciter amplitude control off

e Bypass switch for exciter shutdown off

e Charge amplifier in operate mode

¢ True-rms meter on,

The tape deck should be loaded with the "endless loop" tape cartridge
(12 minutes of synthetic random voltage). The left channel should be in the
playback mode and the right channel in the record mode.

The final step in the setup is to adjust the exciter gain for the required
full-level (0 dB) amplitude. This is accomplished with the following steps:

(1) Load SETUP program into the processor by typing "BASICM SETUP"
on the terminal. [This program, described in para. B3.3.2, allows
any combination of control relays to be turned on.]

(2) In answer to program question, type into the terminal that the follow-
ing control relays should be turned on (Ref. Figure B3)

#6 - Vibration dump (normally closed)
#9 - Vibration enable
#13 - Vibration 0 dB test level

(3) Start tape deck drive

(4) Turn exciter gain control up until the required 0 dB test level is
indicated on the true-rms meter. [Mark position of gain control so
it can be readily reset after a test halt.]

Once the gain is properly set, the recording level on the right channel
[connected to the control accelerometer] should be set to 0 dB on the tape deck
VU meter using the record level control. A spectrum analysis of the control
accelerometer can also be made at this time if a real-time analyzer is available.

The tape deck can be left running at this time. As noted previously, the
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"endless-loop" cartridge should always te operated in a horizontal plane to

: avoid winding prcblems.
The SETUP program can be terminated by pressing the stop key (key F4).
The microprecessor returns all control relays to their "off" position.

L B4.2.2 Test Runs with the System
To initiate the test program, the operator types the name of the program
into the terminal. The microprocessor finds the program on the disk and loads
it into memory. The operator types "run" into the terminal and is then asked
by the program to input the starting time (with reference to the test profile)
for the test. The operator types in the starting time (zero for start of test)
a.'4 the microprocessor takes over complete control of the test program.

T g
Lot IV S

E The initiel phase of the test is the stabilization of the chamber air tem-
: perature to the temperature required by the test profile at time zero. The
microprocessor turns on heating or cooling as required to reach the starting
¢ ! temperature. [This is not counted as test time by the progrem]. Once the
starting temperature is reached, the microprocessor starts the test run.

The program is designed s» that the Microprocessor operates in short

sampling cycles (required for adequate control of the test chamber as explained é

in Para. B3.3.3.4). In each cycle, it will sample the three data measurements,

compare them to the program references, and initiate any control action re-
quired. It prints on the CRT (and printer if enabled) the program time,

measured data and reference value, and any values that are out of tolerunce.
The Microprocessor also sounds a bell alarm

Abort values for each measure-

See sample printout, Table B-1.

when any measured value is out of tolerance.
ment are also included in the program to shut down the system if they are

exceeded.

The system, as presently configured, does noi monitor any test article
parameter, although it does control the timed sequence of up to five test events.
The test operator, who monitors the performance of the test article, can hold
or stop the program manually at any time should a problem with the test article

ek 3 g

develop.
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Table B-1 Microprocessor Control System Printout

FrER!"ZTES MERS REQUIRED
W TEL 2 20073076 2.34
weT ELE 42 .79687?% 38
YEOF €9 3281295 71
StnEs1z 7S T
FuFLMETER MEAS. REQUIRED
niCEL 2.32892849 2.34
RET EBULE 42 78123 38
TENE 69 .828129% 71
tEe-te T
FREAMETER MEAS . REQUIRED
ALCEL 2.28792679 2.34
LET ZULE 42 984373 38
TEME £9.74712%5 1
RB1.0639.051W o oTToTTTETTTmTTTTTT
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B4.2.3 Test Holds, Halts and Troubleshooting

In order to initiate a hold in the program, the test operator must press
the terminal "hold" button (key F1). This stops the program clock and holds
all the parameters at the reference level at the time the hold was initiated. [The
microprocessor still samples and controls the required functions]. The
microprocessor continues to print out all parameters and keep count of the time in
hold. To resume the test program, the operator again pushes the "hold" button
and the program proceeds from the time of the hold initiation. The operator can

also elect to halt the test.

In order to halt the test, the operator presses the "halt" button (key F4) on
the terminal. This sets all relays to "off" position and halts the execution of the
test program. Assuming a problem in the test article has caused the program halt,
the operator may want to isolate the environment causing the problem so he can
troubleshoot the test article. A program titled TROUBLESHOOT has been written
to accomplish this (Para, B3.3.4).

The operator loads the TROUBLESHOOT program by typing the program name
into the terminal as described previously. The program then questions the opera-
tor on what environment he wants to run, and the test level to be maintained, as
well as which test article function should be turned on. The program will then
maintain this condition until the operator terminates it. The operator can change
the test conditions by pressing the "hold" button which recycles the program to
the start where the required environments are requested. Or, the operetor can
terminate the procedure by pressing the "stop"” button which returns all control
relays to their off condition and terminates the program.

The TROUBLESHOOT program allows the test operator, as an example, to run
just the vibration anc to increase the test level in incremental steps until the mal-
function is verified and troubleshooting routines started. It should be noted that
the increments of vibration level are limited to those programmed in the attenuator

network.

An overtest shutdown of the program will occur if the temperature or vibra-
tion exceed the programmed abort levels., For an abort condition, the microproces-
sor is programmed to set all control relays to off except the chamber air circulator.
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[This is left on to maintain an even temperature disiribution in the chamber should

testing be resumed in a short time.] After an abort, the test operator should check

the printed record to determine which environment exceeded the abort limits. He

shouid troubleshoot this system to determine the cause of the problem and correct

it prior to resuming the test. A record of the control accelcrometer for the 12 min- .
utes preceding the abort is available for analysis if this is required (Para. B4.2.4).

In order to resume testing after an abort shutdown, the following steps
are required:
f | (1) Recycle the power amplifier to its operate mode

(2) Adjust exciter gain control to the mark determined in the system
setup (Para. B4.2.2.)

(3) If a solenoid-operated tape deck is being used, it also must be put
in its operating mode (Para. B4.2.1)

(4) Type "run" into the terminal and specify the program time at which
the test should resume.

The program then starts with the stabilization segment and proceeds in
the same manner as described in Para., B4.2.2.

* B4.2.4 Test Data

4 As noted previously, all the relsvant environmental data is printed out at
every control interval (typically every 15 seconds) along with the elapsed pro-
gram time. These printouts continue even if the system is in hold or trouble-
shoot condition, so that a complete environmental test history of the test is
permanently recorded. Relevant information on the performance of the test
article must ke maintained by the test operator in a data log.

As noted in the previous section, the tape deck continually records the
control accelerometer so that a record of the last 12 minutes of the test is
always available on the tape. This should be played back periodically through ,
an analyzer to verify the test spectrum. To accomplish the playback, the tape
deck must have been previously stopped and the right channel put in the play s
mode. The tape can be restarted and the test continued while the analysis is ;
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mede. The right channel of the tape deck must be again returned to the record
mode at the conclucion of the analysis.

It should be noted that test data played back from the tape deck is uncom-
pensated for the characteristics of the tape deck. Therefore, if the tape deck
has 8. 6 dB roll off at 20 Hz, the test data will include this roll off. The test
dats, therefore, must be compenseted for the characteristics of the tape deck

for an accurate evaluation.
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